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PRESIDENTIAL  ADDRESS 


CAN  WE  MEET  THE  CHALLENGE? 

W.  W.  GRIMM 

Bradley  University .  Peoria 


W.  W.  Grimm,  President ,  1953-1954 


The  title  of  this  address  is  intend¬ 
ed  to  be  provocative,  for  its  possible 
implications  are  numerous.  How 
each  person  interprets  it  may  vary 
during  the  course  of  my  remarks, 
since  the  Academy  roster  shows  such 
a  wide  variety  of  interests  represent¬ 
ed,  and  your  position,  experience, 
and  philosophy  will  influence  your 
reactions.  Regardless  of  these  vari¬ 
ables,  however,  there  are  certain 
challenges  of  scientific  importance 
that  should  merit  the  attention  of 
all  of  us.  Some  that  might  be  men¬ 
tioned  are  basic  research  versus  ap¬ 


plied  research ;  government,  private, 
or  public  financing  of  research  and 
science  education ;  science  planning 
by  academicians  or  educationists ; 
finding  and  encouraging  science  tal¬ 
ent,  in  our  students,  and  the  proper 
nourishing  of  it  in  our  colleges  and 
universities ;  good  teaching  as  op¬ 
posed  to  fair  or  indifferent  teaching ; 
general  education  or  conventional 
courses  in  science ;  the  responsibili¬ 
ties  of  scientists  to  society ;  interpret¬ 
ing  science  to  the  layman ;  keeping 
abreast  of  the  times  in  our  own  and 
related  fields;  and  specialization  as 
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opposed  to  interdepartmental  devel¬ 
opment  of  border  areas.  Tlie  litera¬ 
ture  of  science  and  higher  education 
is  replete  with  articles  that  give  ma¬ 
ture,  detailed,  and  sometimes  humor¬ 
ous  consideration  to  these  problems. 

But  my  challenge  to  you  is  simply 
this — Is  your  own  scientific  career  as 
effective  as  you  might  make  it?  Do 
your  contributions  measure  up  to 
your  capabilities?  What  goals  have 
you  set  for  yourself,  and  what  obli¬ 
gations  do  you  feel  as  a  scientist? 
What  attitudes  and  motivating 
forces  direct  your  activities?  What 
criteria  do  you  use  for  measuring 
your  achievements?  In  what  pos¬ 
sible  ways  can  you  increase  your 
effectiveness?  In  presenting  this 
challenge  I  fully  realize  that  a  psy¬ 
chologist  or  a  psychiatrist,  or  even  an 
educationist,  might  be  better  quali¬ 
fied  than  a  biologist  to  suggest  pos¬ 
sible  answers.  I  further  realize  that 
the  Academy’s  distinguished  scien¬ 
tists  may  already  have  adequate  an¬ 
swers.  But  I  am  thinking  of  the 
average  scientist — the  category  into 
which  manv  of  us  fall — and  the  de- 
sirability  of  a  periodic  self-appraisal 
as  the  years  hurry  by.  Too  often  we 
may  fall  into  the  pattern  of  daily 
routine,  became  involved  in  matters 
which  are  really  not  important,  or 
develop  a  critical  attitude  without  an 
awareness  that  our  own  activities 
may  likewise  be  subject  to  criticism. 
To  turn  on  the  spotlight  of  self-eval¬ 
uation  occasionally  can  be  a  humi¬ 
liating  but  refreshing  experience. 

If  we  are  to  increase  our  effective¬ 
ness  in  our  chosen  scientific  careers, 
we  first  need  to  understand  fully 
what  is  required  of  us  in  our  current 
positions.  Is  teaching  our  primary 
responsibility?  —  or  is  it  research? 
Or  is  it  a  combination  of  teach¬ 


ing  and  research?  What  other  in¬ 
stitutional  obligations  do  we  have? 
Do  you  sometimes  feel  that  you 
are  assigned  to  committee  work  or 
other  duties  for  which  you  have 
no  aptitude  or  interest  ?  Those  of  us 
in  faculty  positions  will  attest  to 
many  hours  spent  in  activities  that 
seem  far  removed  from  our  primary 
responsibilities. 

There  is  an  indication  of  a  trend 
toward  more  effective  use  of  individ¬ 
ual  talents  on  college  campuses.  Jean 
ITan way  (T)  states  that  “we  ought 
to  recognize  that  the  modern  uni¬ 
versity  needs  the  services  of  many 
types  of  people  on  its  faculty.  We 
need  many  serious  scholars,  but  we 
also  need  the  professor  whose  scholar¬ 
ship,  while  essentially  sound,  may 
not  be  profound,  but  who  does  have 
the  ability  to  dramatize  his  work  and 
win  the  interest  of  the  average  stu¬ 
dent  ;  we  need  the  professor  who  is 
approachable  and  gracious  and  will¬ 
ing  to  promote  the  social  activities  of 
the  students  and  offer  them  the  kind 
of  friendly  help  and  counsel  that 
they  will  never  get  in  a  guidance  or 
psychological  clinic;  we  need  univer¬ 
sity  hosts  and  hostesses.  If  we  did 
not  all  try  to  be  all  things  to  all  peo- 
ple,  but  if  Ave  recognized,  and  ad¬ 
ministrators  recognized,  AAdiere  our 
particular  abilities  lie  and  assigned 
to  us  duties  and  responsibilities  com¬ 
mensurate  with  them,  more  educa¬ 
tion  might  be  going  on  in  our  uni¬ 
versities  than  is  the  case  today.”  If 
you  are  a  scientist  connected  with  a 
college  or  university,  perhaps  your 
effectiveness  may  be  increased  by 
trying  to  convince  your  institutional 
officers  of  how  your  particular  tal¬ 
ents  may  best  be  used.  Certainly  our 
efforts  in  this  direction  might  lead  to 
some  interesting  changes. 
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That  scientists  exhibit  a  wide 
range  of  capabilities  is  self-evident. 
The  geniuses  soon  make  a  name  for 
themselves  in  every  field  of  scientific 
endeavor.  Many  first  begin  to  real- 
ize  their  own  potentialities  during 
tlie  concentration  and  specialization 
of  earning  the  doctorate  degree.  Still 
others  are  stimulated  to  greater 
achievements  by  close  association 
with  outstanding  scholars  or  research 
men.  A  few,  perhaps  too  few,  begin 
to  envision  their  potentialities  in  the 
challenging  atmosphere  of  the  class¬ 
room  or  laboratory.  It  is  claimed 
that  many  scientists,  whatever  their 
positions,  are  not  as  effective  as  their 
potentialities  would  indicate.  Why 
do  some  scientists  who  seemed  to 
show  such  promise  while  in  graduate 
school  have  careers  of  apparent  medi¬ 
ocrity?  Each  of  you,  I  am  sure, 
could  cite  factors  from  your  own  ex¬ 
periences,  or  those  of  your  colleagues, 
which  might  serve  as  a  partial  an¬ 
swer.  Leonard  Carmichael  in  a  re¬ 
cent  article  (2)  analyzes  the  possi¬ 
bility  that  laziness  contributes  to  un- 
productiveness.  Inherent  in  his  con¬ 
cept  of  laziness  is  the  importance  of 
our  motives  and  attitudes.  “Con¬ 
flicts  in  motivation  are  bound  at 
times  to  disturb  the  lives  of  all  schol¬ 
ars.  There  is  hardly  a  mature  worker 
in  the  academic  vineyard  who  does 
not  realize  retrospectively  that  he 
has  had  good  and  bad  vintage  years.  ’  ’ 
It  is  important  then  that  we  learn 
to  manage  our  motives,  control  our 
emotions,  and  maintain  the  right  at¬ 
titude  toward  our  work  if  we  are  to 
succeed.  Perhaps  even  more  basic, 
in  my  estimation,  is  the  development 
of  work  habits  geared  to  a  realistic 
time  schedule.  The  current  philos¬ 
ophy  of  more  and  more  leisure  time 
does  not  apply  to  the  scientist  if  he 


is  to  be  successful.  One  occasionally 

*/ 

also  senses  a  new  interpretation  of 
the  term  academic  freedom  as  mean¬ 
ing  freedom  from  all  obligations  ex¬ 
cept  the  hours  required  in  the  class¬ 
room  and  laboratory. 

But  is  it  enough  to  avoid  the  pit- 
falls  of  laziness  and  poor  work  hab¬ 
its,  or  at  least,  to  be  able  to  crawl 
out  if  we  should  fall  into  them  now 
and  then?  Another  aspect,  empha¬ 
sized  by  E.  E.  Gibson  (3),  is  that 
“an  alert  mind  and  a  fertile  and  dis¬ 
ciplined  imagination  are  characteris¬ 
tics  which  are  absolutely  indispen¬ 
sable  to  the  scientist  whose  work  is  to 
rise  above  mediocrity.”  Assuming 
an  alert  mind  and  a  knowledge  of 
how  to  keep  it  that  way,  I  venture 
to  suggest  that  many  of  us  are  short 
on  imagination,  at  least,  of  the  kind 
that  may  be  called  fertile  and  dis¬ 
ciplined.  Too  often  our  flights  of 
imagination  about  our  endeavors  are 
undisciplined  in  the  sense  that  they 
are  unproductive  of  results.  Think 
how  much  more  effective  we  might 
be  if  only  we  could  learn  to  trans¬ 
late  more  of  our  best  ideas  into 
action ! 

Whether  we  ever  reach  and  main- 

i 

tain  our  full  potentialities  will  de¬ 
pend  at  least  in  part  upon  the  goals 
we  have  set  for  ourselves.  Obviously 
we  cannot  drift  with  the  current,  or 
even  just  maintain  the  status  quo. 
We  will  have  to  hitch  our  wagon  to 
a  star,  and  even  though  we  may 
never  reach  it  we  will  be  better  for 
the  striving.  If  your  major  func¬ 
tion  is  teaching,  be  a  good  teacher; 
if  it  is  research,  don’t  be  satisfied 
with  less  than  the  best.  While  our 
goals  will  be  primarily  concerned 
with  our  careers,  we  must  not  forget 
the  importance  of  other  activities, 
such  as  raising  a  family,  and  taking 
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part  in  the  religious,  cultural,  and 
educational  life  of  our  communities. 
As  scientists  we  cannot  become  re¬ 
cluses,  as  some  folks  picture  us,  and 
forget  our  other  obligations.  As 
Aaron  J.  Hide  (4)  lias  stated,  “the 
scientist,  in  addition  to  being  profes¬ 
sionally  competent,  should  be  able  to 
live  a  personally  satisfying  life  and 
a  socially  useful  life.7’ 

Granting  a  well -motivated,  well- 
adjusted,  and  productive  scientific 
career,  how  do  you  measure  your  pro¬ 
fessional  progress?  A  number  of 
possible  ways  immediately  come  to 

mind — bv  the  number  of  scientific 

*/ 

papers  you  may  have  published  each 
year;  bv  the  commendations  of  your 
superiors ;  by  the  increases  in  profes¬ 
sional  rank  and  salary ;  bv  the  re- 
spect  from  your  fellow  scientists;  by 
the  ratings  you  receive  on  student 
polls;  by  the  number  of  graduate 
students  you  have ;  by  the  number  of 
undergraduate  majors;  by  the  num¬ 
ber  of  addresses  you  are  invited  to 
give ;  by  the  offices  in  professional 
societies  you  may  hold ;  by  continued 
progress  in  a  well-planned  research 
program;  by  the  sense  of  a  job  well 
done  each  day.  Obviously,  your 
position  will  determine  which  of 
these  would  apply  in  your  own  case. 
And  yet  I  feel  that  here  is  an  area 
that  needs  more  careful  considera¬ 
tion  by  all  of  us.  Undoubtedly  many 
scientific  careers  are  less  than  fully 
productive  because  of  false  satisfac¬ 
tions  resulting  from  criteria  of 
achievements  that  lack  validity. 

There  are  certain  broad  responsi¬ 
bilities  of  a  scientist,  over  and  be¬ 
yond  the  immediate  obligations  of 
his  career.  One  that  has  become  in¬ 
creasingly  evident  is  the  need  for  in¬ 
terpreting  science  to  the  general 
public.  Consider  if  you  will  the 


world-wide  concern  over  the  recent 
hydrogen  bomb  tests.  Must  we  leave 
to  the  physicists,  the  humanists,  and 
the  religious  leaders  the  responsi¬ 
bility  of  interpreting  the  significance 
of  such  events?  Or  should  we  all,  as 
scientists  of  every  kind,  feel  an  obli¬ 
gation  for  first  thoroughly  under¬ 
standing  and  then  interpreting  to 
the  best  of  our  ability  the  major  sci¬ 
entific  issues  of  the  day?  Here  is  a 
challenge  that  I  feel  we  cannot  ig¬ 
nore,  and  yet  it  poses  a  number  of 
problems.  Most  of  us  feel  that  it  is 
difficult  enough  to  keep  up  with  ad¬ 
vances  in  our  own  fields  and  that  it 
would  be  almost  impossible  to  be 
familiar  with  even  the  major  ad¬ 
vances  in  all  fields  of  science.  Of 
course,  we  read  of  many  such  ad¬ 
vances  and  perhaps  acquire  a  basic 
understanding  of  them,  but  their  in¬ 
terpretation  in  relation  to  other  fields 
of  science  is  not  always  readily  evi¬ 
dent.  Perhaps  we  should  continue 
the  practice  of  letting  the  experts  in 
a  field  interpret  its  findings.  A  fur¬ 
ther  problem  is  presented  b}^  the  fact 
that  not  all  scientists  are  equally 
adept  at  expressing  themselves  in 
print  or  from  a  lecture  platform. 
Those  who  have  such  abilities,  how¬ 
ever,  should  be  encouraged  to  use 
them  at  every  opportunity. 

But  what  about  the  rank  and  file 
of  scientists  who  may  not  be  so 
gifted?  This  group,  large  in  num¬ 
ber,  needs  to  reconsider  its  philos¬ 
ophy  in  relation  to  interpreting  sci¬ 
ence  to  the  general  public.  By  and 
large  this  group  to  date  has  felt  no 
great  responsibility  in  the  matter. 
The  amount  of  time  and  effort  put 
forth  by  the  majority  in  interpret¬ 
ing  science  in  a  popular  yet  accurate 
way  has  been  very  small.  If  the  im¬ 
pact  of  the  combined  efforts  of  the 
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average  scientists  on  public  opinion 
is  ever  to  be  more  significant,  we  will 
each  have  to  realize  that  it  will  re¬ 
quire  more  sincere  attention  than  we 
now  give  to  it. 

I  do  not  mean  to  suggest  that  we 
suddenly  and  enthusiastically  begin 
to  expound  scientific  interpretations 
to  anyone  who  will  listen  to  us.  But 
I  do  think  that  we  may  fail  to  realize 
fully  the  opportunity  we  have  every 
day  to  mold  scientific  opinion 
through  our  student  contacts  in  the 
classroom  and  laboratory.  We  need 
to  make  more  of  an  effort  to  stimu¬ 
late  critical  thinking  about  current 
scientific  events  in  all  our  contacts, 
both  on  and  off  the  campus. 

The  need  for  our  concern  in  in¬ 
fluencing  the  public’s  rationality  in 
scientific  matters  is  put  rather  force¬ 
fully  by  Gibson  (3)  :  “The  impact  on 
the  general  public  of  guided  missiles, 
rockets,  radar,  television  and,  above 
all,  the  large  scale  release  of  atomic 
energy  has  been  to  induce  paralysis 
in  the  centers  of  higher  thought  and 
discrimination.  There  has  been  an 
abandonment  of  all  restraints  on 
imagination  and  credulity.  After 
these  spectacular  advances,  people 
are  willing  to  believe  anything  and 
are  unwilling  to  accept  any  of  the  re¬ 
straints  which  established  scientific 
methodology  and  sound  engineering 
practice  must  impose  on  the  trained 
mind.  This  is  becoming  an  age  of 
unbridled  fantasy  and  superstition, 
an  age  devoid  of  critical  discrimina¬ 
tion.  ’  ’ 

Another  viewpoint  on  the  scien¬ 
tist’s  obligation  to  the  public  is  ex¬ 
pressed  by  the  science  writer,  P. 
Ritchie  Calder  (5)  :  “When  I  want 
to  annoy  my  scientist  friends  I  tell 
them  they  are  illiterate,  inarticulate, 
and  irresponsible.  Illiterate  because 


the  test  of  literacy  is  whether  it  en¬ 
ables  one  to  communicate  ideas.  In¬ 
articulate — well,  go  into  some  of  the 
sections  at  big  scientific  meetings  to 
see  what  I  mean.  And  irresponsible 
— because  they  will  not  accept  their 
responsibilities.  They  will  neither 
consider,  nor  explain,  how  their  work 
will  affect  ordinary  people’s  lives— 
at  a  time  when  science  is  producing 
convulsive  changes  and  dangerous 
stresses  in  our  civilization.  They  are 
content  to  leave  their  discoveries  like 
foundlings  on  the  doorstep  of  society 
and  disown  all  responsibility  for  the 
way  they  are  used,  misused,  or  not 
used  at  all  ....  A  scientist  should, 
and  must,  establish  the  facts  of  na¬ 
ture  ;  but  having  done  so  he  must 
1  put  on  his  imagination  ’  and  consider 
how  it  mav  be  used.  And  it  is  his 
duty  to  explain,  or  help  to  explain, 
his  processes  and  their  possibilities.” 
Whether  you  agree  with  Calder  or 
not,  the  fact  would  seem  to  remain 
that  we  should  have  a  better  under¬ 
standing  of  the  role  of  the  science 
writer  in  helping  us  to  interpret 
science. 

We  often  accuse  certain  segments 
of  the  academic  world  with  using 
confusing  expressions,  and  scientific 
language  also  comes  in  for  its  share 
of  criticism.  One  recent  statement 
by  John  P.  Parker  (6)  is  worth  re¬ 
peating  here:  “Scientists  can  make 
their  writings  more  attractive  and 
hence  more  efficient  by  paying  honest 
attention  to  basic  interest  factors. 
.  .  .  Irresponsible  simplification  and 
unwarranted  dramatization,  the  com¬ 
mon  faults  of  popularization,  are  in¬ 
tolerable  to  objective  thinkers.  But 
I  can  see  no  sufficient  reason  for  de¬ 
liberately  deadening  the  interest  of 
potential  readers  whether  they  be  lay 
or  technical. ’ ’ 
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Brief  consideration  of  other  ways 
to  strengthen  our  potentialities  as 
emissaries  to  the  general  public  may 
be  mentioned.  We  have  already  cited 
reading  and  studying  as  the  most 
common  method  of  keeping  abreast 
of  the  times.  Another  opportunity 
is  presented  by  visiting  lecturers  in 
other  fields  of  science  than  our  own — 
too  frequently  we  do  not  take  advan¬ 
tage  of  this  opportunity.  Nor  do  we 
seek  the  counsel  of  our  own  campus 
colleagues  as  often  as  we  should.  We 
have  become  too  departmentalized 
in  our  thinking,  and  if  we  are  to 
mold  public  opinion  these  barriers 
will  have  to  be  removed.  Perhaps 
we  need  to  encourage  more  fraterniz¬ 
ing  between  the  staffs  of  different  de¬ 
partments,  not  so  much  merely  to 
learn  what  your  fellow  scientists  are 
dong,  but  to  stimulate  a  better  under¬ 
standing  of  the  implications  of  ad¬ 
vances  in  all  fields  of  science.  Only 
in  this  way  can  we  hope  to  attain 
gradually  more  professional  prestige 
in  the  eyes  of  the  public. 

I  would  like  to  suggest  that  time 
be  found  in  the  program  of  our 
future  annual  meetings  for  a  panel 
of  experts  in  various  sciences  to  pre¬ 
sent  to  the  Academy  members  their 
interpretations  of  the  impact  on  so¬ 
ciety  of  recent  advances  and  how 
these  may  affect  the  individual  scien¬ 
tist,  whatever  his  specialty  may  be. 

Teaching  is  a  major  responsibility 
of  a  large  proportion  of  our  member¬ 
ship.  Certainly  in  periodic  reap¬ 
praisal  of  our  careers,  this  area  of 
our  activities  merits  more  than  pass¬ 
ing  interest.  Even  a  cursory  exam¬ 
ination  of  the  literature  of  higher 
education  will  indicate  the  concern 
felt,  at  least  in  some  quarters,  for 
continuing  research  that  will  yield 
more  than  platitudes.  As  one  who 


participated  in  tAvo  workshops  of  the 
N.C.A.  Committee  on  Liberal  Arts 
Education,  I  have  spent  considerable 
time  in  a  study  of  the  problems  of 
teaching.  Let  me  hasten  to  add  that 
I  do  not  consider  myself  an  “  ex¬ 
pert.  ’  ’  Permit  me  only  to  ask  a  few 
leading  questions. 

Whether  you  are  young  and  full  of 
vigor,  old  and  mellow  with  a  rich 
philosophy  gained  by  experience,  or 
somewhere  in  between — are  you  fully 
satisfied  with  the  type  of  teaching 
you  are  doing?  Do  you  sometimes 
question  the  wisdom  of  your  pro¬ 
cedures?  Do  you  occasionally  won- 
der  how  you  can  most  effectively 
reach  the  variety  of  students  that  ap¬ 
pear  in  your  classes?  Are  you  cer¬ 
tain  that  your  examinations  really 
measure  the  accomplishments  of  your 
students?  Do  you  sometimes  feel 
that  you  have  inadvertently  become 
so  much  involved  in  other  activities 
that  your  teaching  is  not  reced¬ 
ing  the  full  measure  of  attention  it 
deserves  ?  Are  you  satisfied  Avith  the 
status  quo,  or  do  you  seek  new  or  re¬ 
fined  ways  of  doing  the  time-honored 
procedures  ? 

It  would  be  unusual  to  find  uni¬ 
formity  in  your  ansAvers  and  lack  of 
discretion  on  my  part  to  attempt  an 
analysis  of  their  implications.  In¬ 
stead  I  wish  to  rekindle  your  think¬ 
ing  in  regard  to  teaching  in  general, 
and  science  teaching  in  particular, 
by  selecting  some  commentaries  from 
the  aArailable  literature.  Although 
they  are  not  intended  to  be  closely 
integrated,  at  least  they  are  parts  of 
the  Avhole.  My  sincere  hope  is  that 
some  of  these  commentaries  will  be 
stimulating  enough  to  warrant  your 
study  of  the  article  from  which  theAr 
are  quoted. 

At  least  two  former  presidents  of 
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this  Academy  have  made  pointed  ref¬ 
erences  to  teaching.  J.  W.  Neckers 
(7)  admonishes  ns  to  “  abhor  slotli- 
fnlness  in  teaching*;  permit  no  other 
activities  and  interest  to  assume  pri¬ 
mary  attention.  Give  the  best  efforts 
and  expect  them  in  return.  There 
is  no  substitute  for  competence  and 
sincerity  in  college  teaching.”  E.  L. 
Stover  (8)  remarked  six  years  ago 
that  “there  is  an  increasing  number 
of  science  teachers  who  are  attempt¬ 
ing  to  conduct  research  in  their 
teaching  rather  than  to  continue  to 
wishfully  think  they  are  doing  a  good 
job  of  teaching.  Research  in  teach¬ 
ing  is  equally  important  with  re¬ 
search  in  isotopes  and  human  physi¬ 
ology,  provided  the  person  conduct¬ 
ing*  the  research  is  well  trained  in 
the  fundamental  sciences.”  Roger 
Adams  (9),  another  of  our  distin¬ 
guished  members,  cited  some  of  his 
reactions  in  a  speech  at  the  Centen¬ 
nial  of  Rockford  College.  “The  at¬ 
titude  of  the  public  toward  teachers 
is  incomprehensible.  It  is  the  excep¬ 
tion  when  some  teacher  has  not  had 
a  profound  influence  on  the  life  of  a 
student.  The  friendly  suggestion  of 
a  teacher  often  directs  the  path  that 
a  student  follows  and  gives  him  in¬ 
spiration.  Advice  from  a  popular 
teacher  is  never  forgotten.  It  is 
doubtful  whether  any  country  in  the 
worJd  brags  about  the  educational 
opportunities  offered  to  its  citizens  as 
much  as  the  United  States.  On  the 
other  hand,  there  is  no  country  where 
the  teacher  or  the  university  pro¬ 
fessor  has  as  little  prestige  with  the 
public  as  in  the  United  States  and 
this  in  spite  of  the  fact  that  the 
greatest  ambition  of  a  parent  is  for 
the  education  of  his  children.” 

The  viewpoint  of  Jean  Han  way 
(1 ),  who  is  a  professor  of  English,  is 


also  interesting.  She  says,  “I  wish 
we  could  get  away  from  the  idea  that 
all  professors  have  to  be  cut  from  the 
same  stripe.  The  only  common-de¬ 
nominator  I  have  ever  been  able  to 
find  for  the  really  good  ones  is  a  love 
of  knowledge  that  drives  them  to  ac¬ 
quire  it  and  a  willingness  and  ability 
to  share  what  they  have  found.” 

How  well  do  we  measure  up  in  our 
teaching  to  the  challenge  of  Kraus 
(10),  who  suggests  that  “college 
should  afford  the  student  encourage¬ 
ment  and  inspiration  rather  than 
dull  the  student’s  enthusiasm  with 
the  mere  accumulation  of  knowledge. 
And,  above  all,  college  should  lead 
the  student  to  take  pride  in  intel¬ 
lectual  achievement  and  to  find  satis¬ 
faction  in  intellectual  activity.”  I 
am  almost  certain  someone  is  think¬ 
ing  that  first  it  would  be  necessary  to 
have  more  students  with  enthusiasm 
for  science  and  the  intellectual  ca¬ 
pacity  to  make  real  intellectual  prog¬ 
ress  ! 

Or  is  teaching  really  in  the  di¬ 
lemma  indicated  by  French  (11)  ? 

4  ‘  Science  teaching*  is  now  supposed  to 
serve  two  dissimilar  masters  at  one 
and  the  same  time.  Originally  intro¬ 
duced  as  exercise  in  logical  thinking, 
many  science  courses  have,  under  the 
pressure  of  demand  for  technical 
training,  become  in  fact  training 
courses  for  technicians  in  which  sem¬ 
blance  of  logical  thinking*  has  had  to 
give  way  to  the  necessity  of  cram¬ 
ming*  fundamental  facts,  formulas, 
symbols  and  principles  into  the  ab¬ 
sorbent  cranial  sponges  of  willing 
students.  ’  ’  Many  of  you  may  ques¬ 
tion  the  use  of  his  term  “willing 
students  ’  ’ ! 

Perhaps  one  further  excerpt,  from 
Marshall’s  interesting  book  (12), 
will  be  sufficient.  Among  his  con- 
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elusions  we  find  that  “above  all,  we 
must  hold  up,  and  hold  to,  the  moral 
obligations  of  teaching,  to  guide  and 
not  to  steer,  to  help  but  not  to  push, 
to  study  but  not  to  indoctrinate,  to 
analyze  but  not  to  conclude,  and  to 
teach  but  never  to  preach.” 

The  above  commentaries  indicate 
the  range  of  problems  inherent  in 
teaching,  and  our  need  for  maintain¬ 
ing  an  awareness  of  these  problems. 
Many  of  you  already  have  a  history 
of  rich  experiences  in  teaching  the 
various  sciences.  But  as  a  group  we 
seem  to  be  reticent  about  writing  of 
these  experiences,  even  though  they 
undoubtedly  would  be  stimulating  to 
others.  As  an  experiment,  and  to  en¬ 
courage  more  of  you  to  validate  your 
convictions  in  writing,  may  I  suggest 
that  at  some  future  Academy  meet¬ 
ing  we  have  a  section  on  science 
teaching?  I  am  aware  of  the  prob¬ 
lems  inherent  in  such  an  experiment, 
but  I  sincerely  believe  that  the  re¬ 
sults  would  more  than  justify  the 
effort.  Such  a  section,  by  giving  ex¬ 
pression  to  the  convictions  of  many 
scientists,  might  even  have  some  in¬ 
fluence  on  the  philosophy  of  higher 
education!  Such  a  section  would 
afford  us  an  opportunity  to  consider 
some  of  the  problems  of  the  high 
school  science  teacher  and  to  suggest 
ways  in  which  college  scientists  could 
be  more  helpful.  If  our  high  school 
science  teachers  are  to  stimulate  bud¬ 
ding  interest  in  science  among  their 
students,  they  certainly  need  all  the 
encouragement  we  can  give  them.  A 
section  on  science  teaching  would  in¬ 
volve  the  various  sciences,  and  pro¬ 
vide  a  common  meeting  ground  for  a 
better  understanding  between  them. 
The  more  I  think  about  this  type  of 
experiment  the  more  convinced  I  am 


that  it  lias  considerable  merit.  Am 
I  alone  in  this  opinion? 

now  I  am  sure  you  are  con¬ 
vinced  that  my  title — Can  We  Meet 
the  Challenge?  — is  subject  to  vari¬ 
ous  interpretations.  In  conclusion, 
my  convictions  may  be  summarized 
as  follows :  to  be  worthy  of  the  name 
of  scientist  we  need  to  examine  our 
careers  periodically  with  all  their  im¬ 
plied  and  related  responsibilities,  so 
that  we  may  make  effective  adjust¬ 
ments  as  the  years  advance,  to  the 
end  that  others  may  say,  “Job  vTell 
done.” 
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PAPERS  PRESENTED 


AQUATIC  BIOLOGY 

GEORGE  W.  BENNETT,  Chairman 
State  Natural  History  Survey,  Urbana 

Age  and  Rate  of  Growth  of  the  Channel  Catfish  in  Reelfoot  Lake,  Tennessee: 

Robert  J.  Schoffman,  Spalding  Institute,  Peoria. 

Cave  Fishes  of  the  Family  Amblyopsidae:  Loren  P.  Woods  and  Robert  F.  Inger, 
Chicago  Natural  History  Museum,  Chicago. 

Problems  of  Applied  Fish  Management  in  Illinois  Waters:  A1  Lopinot,  State 
Department  of  Conservation,  Springfield. 

Changes  Over  Forty  Years  in  the  Distribution  of  Fishes  of  Hickory  Creek,  Will 
County,  Illinois:  Margaret  Bradbury,  Chicago  Natural  History  Museum, 
Chicago. 

The  Effect  of  Dredging  on  the  Bottom  Fauna  of  a  Bottomland  Lake:  Troy  C. 
Dorris,  Quincy  College,  Quincy. 

*The  Fish  Population  of  the  Big  Muddy  River:  William  M.  Lewis,  Southern  Illinois 
University,  Carbondale. 

The  Use  of  Fishes  in  the  Bio-assay  of  the  Toxicity  of  Polluted  Water:  Hurst  H. 

Shoemaker,  University  of  Illinois,  Urbana. 

Limnological  Characteristics  of  a  Series  of  Artificial  Impoundments  in  Southern 
Illinois:  David  E.  Elder,  Truax-Traer  Coal  Company,  Fiatt. 

*Ecological  Factors  Affecting  the  Growth  of  Smallmouth  Bass  and  Longear  Sunfish 
in  Jordan  Creek,  Vermilion  County,  Illinois:  Leonard  Durham,  State  Natural 
History  Survey,  Urbana,  and  State  Department  of  Conservation,  Springfield. 


ARCHAEOLOGY  AND  ANTHROPOLOGY 

C.  W.  HUDELSON,  Chairman 
Illinois  State  Normal  University,  Normal 

* Warren  King  Moorehead — His  Contribution  to  Archaeology  in  Illinois:  C.  C. 
Burford,  Urbana. 

Archaeology  Finds  on  Honshu,  Japan:  George  W.  Hudelson,  University  of  Illinois, 
Urbana. 

Some  Religious  Aspects  of  the  Kickapoos:  William  B.  Brigham,  Bloomington. 
The  Pollock  Site,  Northern  Arizona:  J.  C.  McGregor,  University  of  Illinois,  Urbana. 
The  Origin  of  the  Gasoline  Automobile  in  the  United  States.  Romeo  B.  Garrett, 
Bradley  University,  Peoria. 

^Arctic  Archaeology:  William  E.  Taylor,  Jr.,  University  of  Illinois,  Urbana. 


BOTANY 

MARGARET  KAEISER,  Chairman 
Southern  Illinois  University,  Carbonclale 

*Notes  on  the  History  of  the  Hei barium  of  the  Illinois  State  Museum:  George  D. 

Fuller,  State  Museum,  Springfield.  (Presented  by  Milton  D.  Thompson.) 

*A  Check  List  of  the  Vascular  Plants  of  Boone  County,  Illinois:  George  D.  Fuller, 
State  Museum,  Egbert  W.  Fell,  Rockford,  and  George  B.  Fell,  Nature  Con¬ 
servancy.  Read  by  title. 
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The  Vegetation  of  Giant  City  State  Park — A  Floristic  and  Ecological  Study: 

Robert  H.  Mohlenbrock,  Jr.,  Southern  Illinois  University,  Carbondale. 

A  Summary  of  Megasporogenesis  and  Megagametogenesis  in  Angiosperms  with  a 
Discussion  of  Possible  Phylogenetic  Implications:  Barbara  F.  Palser,  Univer¬ 
sity  of  Chicago,  Chicago. 

A  New  Calamite  Cone  of  Pennsylvanian  Age:  Theodore  Delevoryas  and  Jeanne 
Morgan,  University  of  Illinois,  Urbana. 

Vascular  Pitting  in  Fossil  Plants:  Jeanne  Morgan  and  Theodore  Delevoryas, 
University  of  Illinois,  Urbana. 

Effect  of  Maleic  Hydrazide  on  Carbohydrate  Metabolism  of  Cotton  Plants:  Wayne 
J.  Mcllrath,  University  of  Chicago,  Chicago. 

Advancements  in  Research  with  Colchicine  Around  the  World:  0.  J.  Eigsti, 
Colchicine  Research  Laboratories,  Normal. 

^Extent  of  Temperature  Fluctuations  on  Substrates  in  the  Greenhouse:  Paul  D. 
Votli,  University  of  Chicago,  Chicago. 

♦Illinois  Temperature  Expressed  in  Terms  of  Economic  Plant  Requirements:  Lowell 
R.  Tucker,  Southern  Illinois  University,  Carbondale. 

*The  Effect  of  Some  Compounds  and  Biological  Products  Upon  Infection  by  Tobacco 
Mosaic  Virus:  J.  L.  Dale  and  H.  H.  Thornberry,  University  of  Illinois,  Urbana. 
An  Apparatus  for  the  Study  of  Respiration  and  Ion  Uptake  by  Roots:  Richard  H. 
Nieman,  University  of  Chicago,  Chicago. 

♦Comparative  Viability  of  Sporocarps  of  Marsilea  quadrifolia  L.  in  Relation  to  Age: 

William  W.  Bloom,  Valparaiso  University,  Valparaiso,  Indiana. 

A  Cladophora  Ball  in  Illinois:  Robert  Scherer,  Decatur  Public  Schools,  Decatur. 

CHEMISTRY 

R.  U.  GOODING,  Chairman 
Normal 

A  Man-Made  Virgin  Soil:  J.  David  Larson,  The  J.  David  Larson  Associates, 
Hinsdale. 

General  Chemistry— Liability  or  Asset  in  the  Liberal  Arts  Program?:  Sister  M. 

Joan  Preising,  College  of  St.  Francis,  Joliet. 

*Air  Oxidation,  Phenolic  Group  Content,  and  Coking  Properties  of  Illinois  Coal: 
G.  R.  Yohe,  M.  H.  Wilt,  H.  F.  Kauffman,  and  Eva  0.  Blodgett,  State  Geological 
Survey,  Urbana. 

:i!Nonionic  Detergents  from  Tall  Oil,  1.  Preparation  and  Physical  Properties: 

A.  T.  Ballun,  Blockson  Chemical  Co.,  Joliet. 

♦Bactericidal  Detergents:  H.  J.  Ferlin,  Blockson  Chemical  Co.,  Joliet. 

The  Kolbe  Electrolysis  of  Alpha-Bromopropionate  Ion:  G.  W.  Thiessen  with  R. 
Miller,  Monmouth  College,  Monmouth. 

♦Substitution  in  the  2,5  Positions  of  Thiophene:  Elbert  H.  Hadley  and  James 
Goggin,  Southern  Illinois  University,  Carbondale. 
improved  Synthesis  of  Benzylidene  Diacetainide  and  Related  Compounds:  Mark 
C.  Paulson  and  J.  Mark  Mersereau,  Bradley  University,  Peoria. 

*The  Effects  of  Air  Oxidation  on  the  Plastic  Properties  of  Coals  as  Measured  by 
the  Gieseler  Plastometer:  O.  W.  Rees,  E.  D.  Pierron,  and  K.  F.  Bursack,  State 
Geological  Survey,  Urbana. 

Molecular  Information  by  Light  Scattering:  Delbert  N.  Eggenberger,  Armour  and 
Co.,  Chicago. 


GEOGRAPHY 

WESLEY  CALEF,  Chairman 
University  of  Chicago ,  Chicago 

♦Economic  Function  of  Downstate  Illinois  Cities:  Robert  Harper,  Southern  Illinois 
University,  Carbondale. 

Service-Function  Settlement  Types  of  the  Central  Illinois  Valley:  Elaine  M 
Bjorkland,  University  of  Chicago,  Chicago. 
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Urban  Intent  in  Chicago:  Jerome  Fellmann,  University  of  Illinois,  Urbana. 

*The  Southern  Belt  of  the  Inner  Chicago  Region:  Allen  K.  Philbrick,  University 
of  Chicago,  Chicago. 

The  Conversion  from  Animal  to  Mechanical  Power  in  Illinois  Agriculture:  Robert 
Lamb,  University  of  Chicago,  Chicago. 

Slides  and  Charts  for  Your  TV  Talk:  Dorothy  Rose,  State  Geological  Survey, 
Urbana. 

*Itapaci,  Brazil — A  Frontier  Town:  Robert  Carmin,  University  of  Illinois,  Urbana. 
Movements  of  the  Center  of  Coal  Production  in  the  Eastern  Interior  Field:  Howard 
G.  Roepke,  University  of  Illinois,  Urbana. 


GEOLOGY 

ARTHUR  L.  HOWLAND,  Co-Chairman 
Northwestern  University,  Evanston 

JACK  A.  SIMON,  Co-Chairman 
State  Geological  Survey,  Urhana 

*Granitized  Basic  Dikes,  Mount  Desert  Island,  Maine:  Carleton  A.  Chapman, 
University  of  Illinois,  Urbana. 

Uses  of  Ultrasound  in  Clay  Technology:  E.  C.  Jonas,  State  Geological  Survey, 
Urbana. 

*Clay  Mineralogy  of  the  Lower  Tertiary  of  the  San  Juan  Basin,  Colorado:  John 
Droste,  University  of  Illinois,  Urbana. 

Size  Analysis  of  Some  East-Central  Illinois  Tills:  Hildreth  A.  Newell,  University 
of  Illinois,  Urbana. 

*Farmdale  (?)  Drift  Near  Danville,  Illinois:  George  E.  Ekblaw  and  H.  B.  Willman, 
State  Geological  Survey,  Urbana. 

Silurian  Reefs,  Compared  with  Coral  Reefs  in  Florida  and  Australia:  Rhodes  W. 

Fairbridge,  University  of  Illinois,  Urbana. 

Calcium-Magnesium  Ratios  of  Some  Silurian  Rocks  of  Northern  Illinois:  Donald 
C.  Boardman  and  Leon  E.  Long,  Wheaton  College,  Wheaton. 

Ostracodes  of  the  Type  Section  of  the  Fern  Glen  Formation:  Richard  Benson, 
University  of  Illinois,  Urbana. 

Sandstone  Aquifers  in  Upper  Pennsylvanian  Rocks  in  White  County,  Illinois: 

Wayne  Prior,  State  Geological  Survey,  Urbana. 

Size  Dependence  and  Significance  of  Varieties  of  Detrital  Quartz  in  Sediments: 
Raymond  Siever,  State  Geological  Survey,  Urbana. 

’"Application  of  New  Techniques  to  the  Study  of  Banded  Ingredients  of  Broken  Coal: 

John  A.  Harrison,  State  Geological  Survey,  Urbana. 

Geological  Observations  of  Robert  Beverley  in  1705:  George  W.  White,  University 
of  Illinois,  Urbana.  Read  by  title. 


PHYSICS 

HAROLD  P.  STEPHENSON,  Chairman 
Illinois  Wesleyan  University,  Bloomington 

*Physics  and  Analysis  Instruments:  Howard  C.  Roberts,  University  of  Illinois, 
Urbana. 

Science  and  Research  in  Western  Germany:  Lester  I.  Bockstahler,  Northwestern 
University,  Evanston. 

Discussion  on  the  Etiology  and  Chemotherapy  of  Cancer  and  Other  Virus  Diseases: 
Geri  Andrea,  Geri  Andrea  Science  Foundation,  Chicago. 

’"Mechanics  Problem — Conservation  of  Kinetic  Energy  in  an  Inelastic  Collision: 
H.  P.  Stephenson,  Illinois  Wesleyan  University,  Bloomington. 
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Behavior  of  Individual  Capacitors  Under  Prolonged  Excessive  Voltages  and  High 
Temperatures:  0.  B.  Young  and  John  P.  Heaman,  Southern  Illinois  University 
Carbondale. 

The  Flux  of  Heavy  Nuclei  in  Cosmic  Radiation  at  High  Altitude:  O.  B.  Young 
and  Jack  K.  Sistler,  Southern  Illinois  University,  Carbondale. 

Abbreviated  Methods  of  Calculation:  Ernest  Ising,  Bradley  University,  Peoria. 

Points  of  Evidence  on  “Nuclear  Orbits”:  P.  Scott  Smith,  Eastern  Illinois  State 
College,  Charleston. 

PSYCHOLOGY,  EDUCATION,  AND 
SOCIAL  SCIENCE 

NELSON  L.  LOWRY,  Chairman 
Arlington  Heights  High  School,  Arlington  Heights 

Outdoor  Education — A  New  Emphasis:  Robert  A.  Bullington,  Northern  Illinois 
State  Teachers  College,  DeKalb. 

Conservation  Education  in  Southern  Illinois  High  Schools:  W.  D.  Klimstra, 
Southern  Illinois  University,  Carbondale. 

I  Teach  the  Slow  Learner  Biology:  Norma  Ann  Petefish,  Arlington  Heights  High 
School,  Arlington  Heights. 

*A  Cultural  Engineering  Course  for  Nonengineers:  Jerry  S.  Dobrovolny,  University 
of  Illinois,  Urbana. 

Medical  Journalism  Courses  Now  Available — Something  New  in  Collegiate  Educa¬ 
tion:  Harold  Swanberg,  American  Medical  Writers  Association,  Quincy. 

Childhood  Prodromal  Patterns  in  Mental  Illness:  Phyllis  Wittman  Huffman,  State 
Department  of  Public  Welfare,  Chicago. 

The  Integration  of  Science  and  Prayer:  Louis  V.  Nadeau,  DeLourdes  College, 
Des  Plaines. 


ZOOLOGY 

Section  A 

NORMAN  D.  LEVINE,  Chairman 
University  of  Illinois,  Urbana 

Blood  Changes  Underlying  the  Seasonal  Resistance  of  Frogs:  Harold  M.  Kaplan, 
Southern  Illinois  University,  Carbondale. 

Illinois  Distributional  Records  of  Eurycea  lucifuga  (Rafinesque) :  Hilda  A.  Stein, 
Southern  Illinois  University,  Carbondale. 

Equipment  and  Technique  in  Separating  Eggs  of  Floodwater  Mosquitoes:  Robert 

C.  Wallace,  University  of  Illinois,  Urbana. 

Local  Distribution  of  Eggs  of  Floodwater  Mosquitoes:  William  R.  Horsfall,  Uni¬ 
versity  of  Illinois,  Urbana. 

Pictorial  Review  of  the  Seasonal  Development  of  the  Clover  Leaf  Weevil:  Roy 
McLaughlin,  University  of  Illinois,  Urbana. 

*The  Harvest  Mouse  (Reithrodontomys  megalotis)  in  Illinois  and  Its  Taxonomic 
Status:  Donald  F.  Hoffmeister  and  John  E.  Warnock,  University  of  Illinois, 
Urbana. 

A  New  Interpretation  of  the  Mouthparts  of  Mosquitoes:  Gilbert  P.  Waldbauer, 
University  of  Illinois,  Urbana. 

The  Bionomics  of  a  Species  of  Floodwater  Mosquito,  Aedes  trivittatus:  Manfred 

D.  Englemann,  University  of  Illinois,  Urbana. 

Blood  Parasites  of  the  Mourning  Dove:  Norman  D.  Levine,  Harold  C.  Hanson, 
Charles  W.  Kossack,  and  Sidney  Kantor,  University  of  Illinois  and  State 
Natural  History  Survey,  Urbana. 


*  Published  in  this  volume. 


Program  of  Meeting 


1!) 


The  Effect  of  Freezing  on  Tritrichomonas  Foetus:  Norman  D.  Levine  and  William 
C.  Marquardt,  University  of  Illinois,  Urbana. 

*A  Check  List  of  the  Spiders  of  Illinois:  B.  J.  Kaston,  Teacheis  College  of  Con¬ 
necticut,  New  Britain,  Connecticut. 


Section  B 

CHARLES  L.  FOOTE,  Presiding 
Southern  Illinois  University ,  Carbondale 

Embryonic  Diversity  Leading  to  Adult  Identity;  Early  Embryology  of  the  Liver 
of  Vertebrates:  Hans  Elias,  Chicago  Medical  School,  Chicago. 

*Studies  on  Acephalic  Hamster  Fetuses:  Charles  L.  Foote,  Southern  Illinois  Uni¬ 
versity,  Carbondale. 

*Con elation  of  Length,  Weight,  and  Age  of  Prenatal  Hamsters:  Wesley  P.  Norman, 
Southern  Illinois  University,  Carbondale. 

Two  Effects  of  Atropine  on  Behavior:  H.  E.  Himwich  and  P.  Nathan,  Galesburg- 
State  Research  Hospital,  Galesburg. 

The  Skeleton  and  Teeth  of  the  Syrian  Hamster:  Wayne  W.  Wantland,  Robert 
Pinkerton,  and  Robert  L.  Coda,  Illinois  Wesleyan  University,  Bloomington. 

Techniques  in  the  Care  of  Syrian  Hamsters:  Wayne  W.  Wantland,  Tom  Weidman, 
and  Edna  M.  Wantland,  Illinois  Wesleyan  University,  Bloomington. 

*Methods  for  Obtaining  Blood  Samples  from  the  Syrian  Hamster:  Wayne  W. 
Wantland,  Robert  L.  Coda,  Tom  Weidman,  and  George  Ongemach,  Illinois 
Wesleyan  University,  Bloomington. 

Study  of  Toxins  of  Clostridium  botulinum:  Daniel  A.  Boroff,  Galesburg  State 
Research  Hospital,  Galesburg. 


COLLEGIATE  SECTION 

ROBERT  A.  EVERS,  Coordinator 
State  Natural  History  Survey ,  Urbana 

ROLAND  BEST,  Chairman 
Monmouth  College ,  Monmouth 

^Series  Resonance  in  an  R-L-C  Circuit:  Richard  L.  Knuth,  St.  Procopius  College, 
Lisle. 

Flexible  Copper  Tubing  in  the  Construction  of  Models  of  Meiotic  Chromosome 
Configurations:  Brother  Daniel  Reardon,  Loyola  University,  Chicago. 

^Effects  of  Oxiquinoline  on  Chromosomal  Behavior  and  Morphology  of  Secali  cereale 
and  Hordeum  vulgaie:  Michael  F.  Glynn,  Loyola  University,  Chicago. 

The  Serological  Method  in  the  Comparison  of  Mammals:  Ronald  S.  Supena, 
St.  Procopius  College,  Lisle. 
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AQUATIC  BIOLOGY 

THE  FISH  POPULATION  OF  THE  MAIN  STREAM  OF 

THE  BIG  MUDDY  RIVER1 2 

WILLIAM  M.  LEWIS- 
Southern  Illinois  University,  Carbonclale 


The  Big  Muddy  River  is  one  of  the 
principal  tributaries  of  the  Missis¬ 
sippi  River  (fig.  1).  The  river’s 
basin  extends  105  miles  from  north 
to  south,  70  miles  from  east  to  west, 
and  covers  an  area  of  2,360  square 
miles.  Water-level  fluctuations  of 
the  river  amount  to  as  much  as  20  to 
30  feet.  High  waters  on  the  Missis¬ 
sippi  frequently  cause  a  reversal  of 
current  in  the  Big  Muddy  as  far  up 
stream  as  40  miles.  The  river  chan¬ 
nel  throughout  most  of  its  course  is 
20  to  50  feet  wide  and  50  to  70  feet 
deep.  The  banks  are  almost  entirely 
mud.  In  the  main  stream  there  are 
a  few  outcrops  of  rock  and  at  least 
one  area  of  gravel  bottom.  These 
rock  formations  are  sandstone,  which 
is  quite  abundant  in  at  least  five  of 
the  river’s  eight  principal  tribu¬ 
taries.  The  immediate  shoreline  of 
the  river  and  its  tributaries  is  quite 
heavily  forested,  but  much  of  the 
watershed  is  cultivated  or  pastured. 

At  least  two  other  studies  perti¬ 
nent  to  the  present  discussion  have 
been  conducted  on  the  Big  Muddy. 
Walker  (1952)  investigated  the  riv¬ 
er’s  physico-chemical  characteristics. 

1  This  was  a  cooperative  study  sponsored  by 
Southern  Illinois  University  and  the  Division  of 
Fisheries  of  the  Illinois  Department  of  Conservation. 
Sam  Parr  cooperated  on  behalf  of  the  Department  of 
Conservation. 

2  The  writer  wishes  to  recognize  the  contribu¬ 
tions  made  by  William  Bain,  David  Elder,  George 
Zebrun,  Donald  Mitchell,  Darrell  Louder,  and  Gerald 
Gunning.  During  the  past  three  years  they  sampled 
and  made  observations  on  the  fish  population  of  the 
Big  Muddy  River. 


He  summarized  his  findings  in  part 
as  follows : 

The  chemical  conditions  of  the  Big 
Muddy  were  usually  above  the  mini¬ 
mum  requirements  for  fish.  The  oc¬ 
currence  of  obviously  toxic  pollution 
was  spasmodic  and  localized,  and  the 
most  toxic  conditions  were  confined  to 
the  tributaries.  The  major  pollutants 
were  sewage,  creosols,  silt,  garbage 
wastes,  iron,  and  other  coal-mine 
wastes. 

It  is  probable  that  the  sub-lethal 
effect  of  these  pollutants  is  even  more 
important  than  the  lethal  effect.  Such 
harm  as  reduction  of  food  organisms, 
destruction  of  spawn,  and  the  render¬ 
ing  of  fish  impalatable  are  only  a  few 
of  the  less  obvious  effects.  Pollution 
quite  likely  makes  the  river  less  suit¬ 
able  for  sport  fishes  such  as  large- 
mouth  bass  and  channel  catfish. 

Schuster  (1953)  investigated  the 
water  quality  of  the  Big  Muddy.  He 
drew  the  following  conclusions  : 

(1)  Bacterial  counts  indicate  some 
degree  of  sewage  pollution  in  the 
Big  Muddy  River. 

(2)  The  B.O.D.  values  of  the  waters 
sampled  fall  within  normal 
limits. 

(3)  The  D.O.  content  was  always 
above  a  critical  minimum,  and 
averaged  highest  in  per  cent  sat¬ 
uration  when  water  temper¬ 
atures  were  highest. 

(4)  The  chloride  content  of  the  Pond 
Creek  tributary  is  unusually  high 
for  the  locality,  and  is  the  cause 
of  higher  than  normal  values  in 
the  Big  Muddy  River. 

(5)  The  hydrogen  ion  concentration 
indicated  a  slightly  alkaline 
condition  during  the  low  water 
stages,  and  a  slightly  acid  one  at 
high  water  stages. 


[20] 
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(6)  The  ionic  content  of  the  waters 
sampled  is  mainly  chlorides 
(probably  sodium  chloride)  as 
evidenced  by  the  correlation  of 
specific  conductance  measure¬ 
ments  with  p.p.m.  of  chlorides. 

(7 )  Turbidity  values  averaged  moder¬ 
ately  low,  and  were  mainly  due 
to  erosion  silt. 

(S)  Water  temperatures  closely  fol¬ 
lowed  the  air  temperatures,  in¬ 
dicating  no  appreciable  water 
contribution  from  springs  or  hot 
industrial  wastes. 

In  a  supplementary  report  Mr. 
Schuster  described  a  fish  kill  which 
lie  observed  on  June  16,  1953.  He 
reported  hundreds  of  dead  fish  of  all 
species  and  some  turtles  and  mussels 
in  Crab  Orchard  Creek  and  immedi¬ 
ately  below  its  effluence  with  the  Big 
Muddy.  He  observed  this  kill  some 
two  or  three  days  after  it  occurred. 
He  pointed  to  a  possible  correlation 


with  a  rain  which  he  suggested  might 
have  washed  toxic  materials  into  the 
river.  There  is  a  tie  plant  located  on 
the  watershed  of  Crab  Orchard 
Creek. 

On  February  11,  1954,  personnel 
from  the  Southern  Illinois  Univer¬ 
sity  fish  laboratory  sampled  Crab 
Orchard  Creek  above  and  below  the 
effluence  of  Piles  Fork,  a  tributary 
draining  the  tie  plant  area.  There 
was  found  to  be  an  abundance  of  fish 
one-quarter  of  a  mile  above  the  efflu¬ 
ence  but  none  at  or  below  it  for  a 
distance  of  approximately  three 
miles.  This  creosote  pollution  is 
probably  more  important  than  it 
might  appear.  The  creosote  accumu¬ 
lates  in  the  tie  storage  area  and  is 
washed  into  the  river  during  rainy 
periods.  Hence  the  concentration  of 
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the  material  in  the  river  varies.  The 
periods  of  greatest  kill  may  go  un¬ 
observed.  This  same  situation  ap¬ 
plies  to  mine  waste.  In  fact  at  least 
one  coal  washing  plant  collects  its 
waste  in  settling  ponds  which  are 
periodically  opened  and  drained  into 
the  river.  Heavy  fish  kills  have  been 
associated  with  this  practice. 

Sampling  the  Fish  Population 

Three  methods  were  utilized  to 
sample  the  fish  population.  During 
April  and  May  1951,  Mr.  Bain  fished 
more-or-less  continuously  with  two 
wing  nets.  He  also  ran  catfish  bas¬ 
kets  occasionally.  The  hoopnets  used 
were  of  three  mesh  sizes :  2,  1^2,  and 
1  inch  bar  measure.  The  wing  nets 
were  of  two  sizes :  2^  and  2  inch  bar 
measure.  Both  types  of  nets  varied 
from  2  to  4  feet  in  diameter.  The 
nets  were  set  parallel  to  the  bank 
and  were  lifted  at  three-day  inter¬ 
vals.  The  samples  in  this  series  were 
taken  from  the  Big  Muddy  at  points 
1,  2,  and  3  (fig.  1).  These  samples 
were  obtained  during  relatively  high 
water  stages.  The  sampling  stations 
were  very  similar  in  habitat. 

During  the  period  August  22  to 
October  16,  1951,  intensive  sampling 
at  points  4,  5,  6,  and  7  (fig.  1)  was 
done  with  an  electric  shocker.  The 
shocker  consisted  of  boat-mounted 
electrodes  powered  by  a  230  volt  6.3 
amp.  160  cycle  A.  C.  electrical  gen¬ 
erator.  During  this  period  the  river 
was  at  what  might  be  called  a  normal 
stage.  The  habitat  afforded  by  the 
stations  appeared  to  be  the  same  with 
the  exception  of  variations  in  the 
proximity  of  pollution  sources. 

Electrical  sampling  was  also  car¬ 
ried  out  during  the  period  May  25  to 
July  13,  1953.  With  the  exception 


of  one  sample  at  point  4  all  samples 
were  taken  at  point  8.  An  additional 
electrical  sample  was  taken  at  point 
8  on  October  9,  1953. 

During  October  1953  a  series  of 
seine  samples  was  taken.  The  seine 
used  was  one-quarter  inch  mesh  min¬ 
now  seine.  At  that  time  the  river 
was  low  and  seining  was  quite  easily 
carried  out.  Samples  were  taken  at 
points  4,  7,  8,  10,  11,  and  12  (fig*.  1). 

Summary. — Water  level  fluctua¬ 
tions  have  a  pronounced  effect  upon 
the  capture  of  fish  by  the  methods 
used.  In  the  case  of  the  Big  Muddy, 
high  water  was  conducive  to  higher 
catches  in  hoopnets  but  lower  catches 
by  electrical  shock.  Seining  was  pos¬ 
sible  only  at  very  low  water  stages. 
The  methods  of  catch  are  selective. 
The  hoopnets  used  would  obviously 
be  selective  as  to  fish  size  purely  on 
the  basis  of  the  mesh  size.  They  are 
also  known  to  be  selective  as  to  spe¬ 
cies  at  least  under  some  conditions. 
Largemouth  bass  in  clear  water  are 
not  vulnerable  to  hoopnets.  The  elec¬ 
trical  shock  method  is  verv  effective 
for  largemouth  bass,  carp,  and  giz¬ 
zard  shad.  It  appears  less  effective 
for  crappie,  sunfish,  buffalo,  gar,  and 
catfishes.  The  minnow  seining  is 
suited  primarily  to  minnows  and  to 
young  fish  of  other  species. 

Fish  Taken  in  Samplings 

Commercial  fishes.  —  The  Euro¬ 
pean  carp,  Cy primes  carpio  Lin¬ 
naeus;  largemouth  buffalo,  Ictiohus 
cyprinellus  (Valenciennes)  ;  small- 
mouth  buffalo,  Ictiohus  hubalus 
(Rafinesque)  ;  and  freshwater  drum, 
Aplodinotus  grunniens  Rafinesque, 
are  abundant  in  the  Big  Muddy  and 
dominate  the  river’s  fish  population. 
The  result  is  that  the  majority  of  the 
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fishing  in  the  river  is  of  a  commercial 
nature. 

The  blue  sucker,  Cycleptus  elon- 
gatus  (LeSueur),  was  not  taken  in 
our  electrical  sampling,  but  several 
hundred  large  ripe  fish  were  taken  by 
a  commercial  fisherman  at  point  9. 
These  fish  apparently  ascend  the  Big 
Muddy  to  spawn. 

Tlie  channel  catfish,  let  alums  la- 
custris  (Walbaum)  ;  blue  catfish, 
Ictalurus  furcatus  (Valenciennes)  ; 
and  shovelhead  catfish,  Pilodictis 
olivaris  (Rafinesque) ,  are  rather 
scarce  in  the  Big  Muddy.  It  is  dif¬ 
ficult  to  arrive  at  an  estimate  of  the 
population  of  these  fish  because  they 
are  less  vulnerable  to  the  type  of  elec¬ 
trical  shocker  used.  But,  even  so, 
the  river  is  not  considered  to  be  very 
productive  of  catfish,  and  our  seining 
during  low  water  did  not  yield  any 
young  catfish. 

Relevant  to  the  commercial  fishery 
of  the  river,  Starrett  and  Parr 
(1951)  reported  ten  part-time  fisher¬ 
men  and  one  full-time  fisherman  op¬ 
erated  during  the  year  of  1951.  They 
reported  the  following  catch  : 

Carp  . 19,167  pounds 

Buffalo  fish  .  7,415 

Drum  .  849 

Catfish  .  396 

It  is  of  interest  that  the  commer¬ 
cial  catch,  which  is  made  primarily 
by  hoopnets,  is  best  during  high 
water. 

Bait  fishes. — The  bait  fishes  of  the 
river  are: 

Steel-colored  minnow,  Notropis 
whipplii  (Girard) 

Emerald  shiner,  Notropis  ather- 
in oides  Rafinesq u e 

Blunt  n  ose  min  now,  Hy  b  orhyncli  us 
notatus  (Rafinesque) 
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The  steel-colored  minnow  is  the 
only  bait  species  abundant  enough  to 
be  of  any  interest,  and  it  is  not  avail¬ 
able  except  during  low  water,  usual¬ 
ly  in  hot  weather,  at  which  time  it  is 
hard  to  handle. 

Game  fishes. — The  fish  that  might 
be  classed  as  game  fish  include  the 
following : 

White  crappie,  Pomoxis  annularis 
Rafinesque 

Black  crappie,  Pomoxis  nigro- 
maculatus  ( LeSueur ) 

Yellow  bass,  M  or  one  interrupt  a 

Gill 

White  bass,  Lepibema  clirysops 
(Rafinesque) 

Bluegill,  Lepomis  macrochirus 
Rafinesque 

Warmouth,  Chaenobryttus 
coronarius  ( Bartram ) 
Largemouth  bass,  Micropterus 
salmoides  (Lacepede) 

Eastern  sauger,  Stizostedion 
canadense  (Smith) 

Walleye,  Stizostedion  vitreum 
(Mitchill) 

The  white  crappie  is  the  only  spe¬ 
cies  abundant  enough  to  support  any 
significant  amount  of  recreational 
fishing.  Crappie  fishing  is  usually 
good  at  certain  points  along  the  river 
when  the  water  is  not  too  high  and 
turbid.  The  crappie  that  are  caught 
are  frequently  large  ones. 

Miscellaneous  fishes.— A  total  of 
14  species  fall  into  the  miscellaneous 
category.  These  are : 

Gizzard  shad,  Dorosoma 
cepedian um  (LeSueur) 
Longnose  gar,  Lepisosteus 
osseus  Rafinesque 
ITighfin  sucker.  Carpi  odes  velifer 
(Rafinesque) 

Carpsucker,  Car piod es  carpio 
(Rafinesque) 
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Blackstripe  top  minnow,  Fundulus 
notatus  (Rafinesque) 

Mosquito  fish,  Gambusia  af finis 
(Baird  &  Girard) 

Bowfin,  Arnia  calva  Linnaeus 
Orangespot  sunfish,  Lepomis 
h  umilis  (Girard) 

Golden  eye,  Amphiodon  alosoicles 
(Rafinesque) 

American  eel,  Anguilla 
bostoniensis  (LeSueur ) 
Northern  redhorse,  Moxostoma 
aureolum  (LeSueur) 

River  darter,  Imostoma  shumardi 
( Girard ) 

Logpercli,  Percina  caprodes 
(De  Kay) 

Eastern  burbot,  Lota  lota 
(LeSueur) 

The  gizzard  shad  is  the  most  prom¬ 
inent  and  is  found  in  great  schools. 
It  is  a  forage  fish  for  bass  and  other 
game  fishes,  but  the  game  fishes  are 
not  abundant  enough  to  utilize  it.  It 
is  of  no  value  as  a  sport  or  pan  fish. 

Both  the  longnose  and  sliortnose 
gars  are  abundant  in  the  river  and 


are  highly  efficient  predators.  It  is 
likely  that  the  river  possesses  a  gar- 
shad  economy  which  is  independent 
of  a  carp  and  catostomid-invertebrate 
economy. 

Fisheries  Management  of  the 
Big  Muddy 

In  regard  to  the  game  fish  popula¬ 
tion,  it  appears  that  the  important 
or  possibly  the  controlling  factors 
are  :  extreme  water  level  fluctuations, 
lack  of  spawning  facilities,  and  creo¬ 
sote  and  mine  waste  pollution. 

The  control  of  water-level  fluctua¬ 
tions  is  certainly  within  the  realm  of 
reason.  By  the  construction  of  more 
lakes  and  by  other  means,  we  will 
hold  more  much -needed  water  on  the 
watersheds  of  our  rivers.  Ultimately 
we  will  have  complete  control  over 
all  the  significant  water  fluctuations 
of  these  streams.  When  this  is  ac¬ 
complished  and  chemical  pollution  is 
eliminated,  we  can  make  use  of 
now-rapidly-developing  management 
techniques  to  produce  more  recrea¬ 
tional  fishing  in  these  streams. 
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ECOLOGICAL  FACTORS  AFFECTING  THE  GROWTH  OF 
SMALLMOUTH  BASS  AN1)  LONGEAR  SUNFISH 

IN  JORDAN  CREEK 

LEONARD  DURHAM 

Illinois  Natural  History  Survey  and  Illinois  Department  of  Conservation 


Jordan  Creek,  a  small  tributary  of 
the  Salt  Fork  of  the  Vermilion  River, 
in  Vermilion  County,  Ill.,  has  been 
studied  intensively  by  the  Natural 
History  Survey  since  the  summer  of 
1950.  While  attention  was  given  to 
many  facets  of  aquatic  ecology,  spe¬ 
cial  emphasis  has  been  placed  on  con¬ 
ditions  affecting  the  game  fishes,  the 
most  important  of  which  is  the  small- 
mouth  bass,  Micropterus  dolomieu 
dolomieu  Lacepede. 

This  paper  covers  age  and  growth 
analyses  of  smallmouth  bass  and 
longear  sunfish,  Lepomis  megalotis 
peltastes  Cope,  along  with  possible 
factors  affecting  their  growth. 

Description  op  Study  Area 

The  studv  section  of  Jordan  Creek 

«/ 

consisted  of  the  lower  four  miles  of 
the  stream.  This  part  of  the  stream 
is  naturally  divided  into  two  con¬ 
trasting  habitat  types  of  about  equal 
lengths — a  lower  wooded  area  and  an 
upper  open  area  (Larimore,  Picker¬ 
ing,  and  Durham,  1952). 

In  addition  to  the  differences  in 
stream  bank  cover,  other  contrasting 
conditions  occur.  The  stream  falls 
an  average  of  24  feet  per  mile  in  the 
lower  area  as  compared  to  9.7  feet 
per  mile  in  the  upper  area.  The  rate 
of  water  flow  at  average  levels  is  18.6 
cubic  feet  per  second  in  the  lower 
area  and  12.9  cubic  feet  per  second 
in  the  upper  area.  Sand  and  silt  are 


not  common  in  bottoms  of  the  lower 
area,  but  there  are  extensive  accumu¬ 
lations  of  these  materials  in  the  long 
pools  of  the  upper  area.  The  soils 
adjacent  to  the  stream  in  the  lower 
area  erode  easily  so  little  farming  is 
done.  The  upper  area  is  used  ex¬ 
tensively  for  farming. 

Temperature  Variations 

Water  temperature  exerts  a  def¬ 
inite  influence  on  the  growth  rates  of 
fish.  Within  limits,  fish  in  cold 
waters  usually  grow  at  a  slower  rate 
than  those  in  warm  waters  (Watts 
and  Harvey,  1946). 

Water  temperatures  were  taken  in 
Jordan  Creek  by  means  of  recording 
thermographs  located  in  the  lower 
regions  of  each  of  the  two  areas  of 

the  stream.  Their  accuracv  was 

«/ 

checked  periodically  with  a  mercury 
thermometer.  Mean  daily  water  tem¬ 
peratures  were  obtained  by  averag¬ 
ing  temperature  readings  for  two- 
hour  intervals  during  each  day. 
Table  1  shows  the  weekly  average 
differences  in  mean  daily  tempera¬ 
tures  between  the  upper  and  lower 
areas  of  Jordan  Creek  during  the 
summer  of  1951.  Temperature  data 
from  the  upstream  area  for  the  peri¬ 
od  from  July  5  to  July  31  were  omit¬ 
ted  because  of  inaccuracies  resulting 
from  sand  deposition  upon  the 
thermograph  bulb.  The  sand  was  de¬ 
posited  by  runoff  water  from  rains 
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Table  1. — Differences  in  Weekly  Averages  of  Mean  Daily  Temperatures  Between 
the  Upper  and  Lower  Areas  of  Jordan  Creek,  June  to  October,  1951. 


Week 

Difference 
in  degrees  F. 

Week 

Difference 
in  degrees  F. 

June  6-13 . 

4-0.8° 

Aug.  30-Sept.  5 

+2.6° 

June  14-20 . 

+  1.7° 

Sept.  6-12. 

+4.5° 

June  21-27 . 

4-1.1° 

Sept.  13-19 

+4.2° 

June  28- July  4 . 

— 0.4°  (rain) 

Sept.  20-26 

+5.6° 

July  5-July  31 . 

no  data 

Sept.  27-Oct.  3 

+4.5° 

Aug.  1-4 . 

4-1.5° 

Oct.  4-9 

+3.2° 

Aug.  9-15 . 

+2.5° 

Oct.  10-16 

no  data 

Aug.  16-22 . 

+4.6° 

Oct.  17-22 

0.0° 

Aug.  23-29 . 

+4.6° 

Oct.  25-31 

-0.5° 

av.  +2.5° 

-j-  Upper  area  higher. 
-  Upper  area  lower. 


during*  the  week  of  June  28  to  July  4. 
Mechanical  trouble  in  one  thermo¬ 
graph  caused  the  loss  of  records  for 
the  period  from  October  10  to  Octo¬ 
ber  16. 

Table  1  shows  that,  except  for  the 
week  of  June  28  to  July  4,  the  mean 
daily  temperatures  in  the  upper, 
open  area  of  the  stream  were  higher 
than  the  mean  daily  temperatures  of 
the  lower  wooded  area  for  all  weeks 
from  June  6  to  13  to  October  4  to  9 
(av.  =  2.9°F.  higher).  After  the 
first  or  second  week  in  October,  the 
lower  area  was  no  longer  densely 
shaded  and  temperatures  in  the  two 
areas  were  more  nearly  equal. 


Cloudy  or  rainy  days  often  caused 
the  mean  daily  temperatures  of  the 
upper  area  to  drop  to  a  level  equal 
to  or  below  those  of  the  lower  area. 
The  lower  area  usually  showed  less 
fluctuation  in  daily  temperatures 
than  the  upstream  area,  not  because 
of  the  protective  shade  alone,  but  al¬ 
so  because  of  the  stabilizing  effect  of 
several  springs  that  flow  into  the 
stream  in  the  lower  area.  Maximum 
daily  temperatures  in  the  upper  area 
exceeded  those  of  the  lower  area  bv 

c' 

as  much  as  12  degrees,  and  minimum 
daily  temperatures  as  much  as  three 
degrees  lower  were  also  recorded  in 
the  upper  area.  The  maximum  tem- 


Table  2. — Weights  in  Grams  Per  Square  Foot  of  Bottom  Organisms  Taken  from 
Riffles  in  the  Upper  and  Lower  Areas  of  Jordan  Creek,  June  to  September,  1952. 


Date 

Annelids  and  insects 

Crayfish 

Mollusks 

Upper 

area 

Lower 

area 

Upper 

area 

Lower 

area 

Upper 

area 

Lower 

area 

June  4 . 

0.75 

0.83 

1.35 

2.56 

0.06 

0.10 

July  3 . 

0.53 

0.22 

1.68 

0.09 

Aug.  6 . 

3.45 

0.26 

1.52 

0.84 

0.18 

Sept.  4 . 

0.51 

0.25 

1.24 

0.42 

0.40 

.... 
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peratures,  recorded  on  August  31, 
1951,  were  94°  F.  upstream  and  84°  F. 
downstream. 

Temperatures  for  only  one  season 
are  included  in  this  report.  On  the 
basis  of  field  observations  and  pre¬ 
liminary  examination  of  subsequent 
data,  however,  the  1951  temperature 
data  appear  to  be  typical. 

Bottom  Fauna 

Samples  of  the  bottom  fauna  were 
taken  with  a  Surber  type  sampler 
during  each  month  of  each  year  from 
the  two  areas  of  Jordan  Creek.  Since 
crayfish  cannot  be  sampled  ade¬ 
quately  with  this  equipment,  little 
importance  can  be  attached  to  the 
relative  weights  of  crayfish  in  the  col¬ 
lections.  The  weights  of  the  anne¬ 
lids  and  insects  are  believed  to  be 
valid  for  comparison. 

Table  2  shows  the  average  weights, 
in  grams  per  square  foot,  of  annelids 
and  insects,  crayfish,  and  mollusks 
collected  in  the  two  sections  from 
June  4  to  September  4,  1952.  In  the 
June  4  collections,  the  weights  from 
the  lower  area  were  slightly  higher 
than  those  of  the  upper  area  in  the 


case  of  annelids  and  insects  and  mol¬ 
lusks  and  about  twice  as  high  in  the 
case  of  cravfish.  After  June  4,  all 

t y  7 

of  the  collections  from  the  upper 
area  of  the  stream  averaged  in  total 
weight  of  bottom  invertebrates  at 
least  twice  those  from  the  lower  area. 

Few  annelids  were  found  in  the 
samples.  Caddisfly  larvae,  stonefly 
nymphs,  beetle  larvae  and  adults, 
midge  larvae,  and  some  mayfly 
nymphs  made  up  the  larger  part  of 
the  organisms  grouped  under  the 
heading  of  “annelids  and  insects.” 

Population  Density  of  Fish 

Differences  in  relative  numbers  of 
all  species  of  fish  present  in  the  two 
areas  of  Jordan  Creek  were  noted. 
Table  3  shows  a  summary  of  the  num¬ 
bers  of  smallmouth  bass,  longear  sun- 
fisli,  and  members  of  the  minnow 
family  collected  in  each  area  of  the 
stream. 

More  bass  were  collected  in  the 
downstream  area  than  in  the  one 
above,  and  the  bass  from  the  wooded 
area  weighed  a  total  of  twice  that  of 
the  bass  from  the  upstream  area.  On 
the  other  hand,  more  longears  (al- 


Table  3. — Total  Numbers  and  Weights  in  Pounds  of  Smallmouth  Bass,  Longear 

SUNFISH,  AND  MINNOWS  (CYPRINIDAE)  COLLECTED  IN  THE  UPPER 

and  Lower  Areas  of  Jordan  Creek  in  1950. 


Lower  area 

Upper  area 

Entire  stream 

Species 

No. 

Wt.  in 
pounds 

Ay. 

wt.  fish 

No. 

Wt.  in 
pounds 

Av. 

wt.  fish 

No. 

Wt.  in 
pounds 

Smallmouth 

bass . 

213 

48.2 

0.23 

156 

24.1 

0.15 

369 

72.3 

Longear 

sunfish . . . 

448 

28 . 3 

0.06 

1,567 

56 . 9 

0.04 

2,015 

85 . 2 

Minnows.  .  . 

9,245 

107.0 

0.012 

23,116 

131.6 

0.006 

32,361 

238 . 6 

Totals. . 

9,906 

183.5 

24,839 

212.6 

34,745 

396 . 1 

28 


Illinois  Academy  of  Science  Transactions 


most  four  times  as  many)  were  col¬ 
lected  from  the  upstream  area,  and 
collectively  they  weighed  twice  as 
much  as  the  longears  from  the  down¬ 
stream  area.  There  were  2.5  times 
as  many  minnows  upstream  as  down¬ 
stream,  and  the  total  weight  of  those 
from  the  upstream  area  was  23  per¬ 
cent  more  than  the  total  from  the 
downstream  area. 

Age  and  Growth  of  Fish 

Age  determinations  of  smallmouth 
bass  and  longear  sunfish  were  made 
from  scales  collected  throughout  the 
summers  of  1950  and  1952.  After 
measurements  and  scales  were  taken, 


the  fish  were  returned  to  the  stream. 
Average  growth  rates  were  deter¬ 
mined  for  both  species  of  fish  taken 
from  each  of  the  two  contrasting 
areas  of  the  stream ;  these  were  then 
combined  to  give  average  growth 
rates  for  smallmouth  and  longears 
for  the  entire  stream.  To  justify  a 
comparison  of  the  growth  rates  of 
smallmouths  or  longears  from  the 
two  areas,  it  must  be  assumed  that  the 
populations  in  these  areas  were  dis¬ 
tinct  and  that  the  individual  fish  had 
remained  within  one  or  the  other  of 
these  areas  throughout  their  period 
of  growth.  Studies  of  the  movements 
of  marked  fish  in  Jordan  Creek  in- 


Table  4. — Average  Lengths  for  199  Smallmouth  Bass  Collected  in  Jordan  Creek 
in  1950  (117  of  these  specimens  were  taken  from  the  lower 
wooded  area  and  82  from  the  upper  open  area). 


Year 

Number 
of  fish 

Ci 

1 

ilculate 

2 

d  lengtl 

3 

i  at  eac 

4 

h  annul 

5 

us 

6 

Av.  length 
(inches) 

Lo 

wer  w 

ooded 

area 

1944 . 

2 

3.4 

6.4 

9.6 

1 1  . 3 

12.8 

13.6 

14.0 

1945 . 

7 

3.3 

6.0 

8.4 

10.7 

12  2 

13.2 

1946 . 

8 

3.6 

6.5 

9.1 

11.2 

12.2 

1947 . 

40 

3.3 

6.5 

9.3 

10.7 

1948 . 

7 

3.9 

7  5 

9.2 

1949 . 

53 

3.4 

5.9 

Weighted  averages.  .  . 

3.4 

6.6 

9.2 

11.0 

12.3 

13.6 

Upper  open  area 


1944  . 

1945  . 

1 

1 

3 

15 

0 

62 

3.9 

3.7 

3.0 

3.5 

7.1 

7.1 

5.9 

7.9 

10.2 

9.4 

9.2 

10.9 

12.6 

11.3 

11.3 

14.0 

12.8 

14.9 

15.4 

13.3 

12.0 

12.0 

1946 . 

1947 . 

1948 . 

1949 . 

3.4 

7.0 

Weighted  averages.  .  . 

3.4 

7.5 

10.5 

11.5 

13.4 

14.9 

Weighted  averages 

for  all  fish . 

3.4 

6.8 

9.5 

11.1 

12.5 

14.0 
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Table  5. — Average  Lengths  for  240  Smallmoutii  Bass  Collected  in  Jordan  Creek 
in  1952  (171  of  these  specimens  were  taken  from  the  lower 
wooded  area  and  71  from  the  upper  open  area). 


Year 

Number 

Ci 

1 

dculate< 

2 

:1  lengtl 

3 

i  at  eac 

4 

h  annul 

5 

us 

6 

Av.  length 
(inches) 

Lo 

wer  w 

ooded 

area 

1946 . 

7 

3.5 

7.0 

9.4 

11.2 

12.5 

* 

13.9 

1947 . 

17 

3.5 

6.5 

9.3 

11.4 

12.9 

13.2 

1948 . 

5 

3.1 

6.0 

8.9 

11.2 

12.5 

1949 . 

35 

3.3 

6.3 

9.4 

10.4 

1950 . 

91 

3.1 

6.1 

8.1 

1951 . 

16 

3.4 

5.7 

1952 . 

0 

.... 

.... 

.... 

Weighted  averages.  .  . 

3.2 

6.2 

9.3 

11.3 

12.8 

.... 

.... 

Upper  open  area 


1946  . 

1947  . 

1948  . 

1949  . 

1950  . 

1951  . 

1952  . 

1 

8 

2 

18 

40 

0 

2 

3.6 

3.7 

3.1 
3.3 

3.2 

6.7 
7.0 
6.5 

6.8 
6.4 

10.6 

9.8 

8.4 

10.1 

12.7 

11.5 

* 

13.4 

12.8 

13 . 9 

14.3 

13.7 
11.0 

11.7 

8.8 

3^2 

Weighted  averages.  .  . 

3.3 

6.6 

9.9 

11.6 

12.9 

13.9 

Weighted  averages  for 
all  fish . 

3.3 

6.3 

9.5 

11.4 

12.8 

13.9 

*  Annulus  not  formed  when  this  collection  was  taken. 


dieate  that  most  of  the  bass  and  sun- 
fisli  remain  in  about  the  same  loca¬ 
tions  during  successive  growing  sea¬ 
sons  (Larimore,  1952,  and  unpub¬ 
lished  data). 

Smallmoutii  Bass 

Growth  calculations  were  made 
from  scales  of  439  smallmoutii  bass, 
of  which  199  were  collected  in  1950 
and  240  in  1952.  The  body  length- 
scale  length  relationship  was  deter¬ 
mined  and  a  correction  factor  of  1.1 
inches  was  used  in  calculating  the 


growth  by  means  of  a  nomograph 
and  manila  strips  (Carlander  and 
Smith,  1944). 

Tables  4  and  5  show  the  average 
calculated  total  lengths  in  inches  of 
the  smallmoutii  bass  sampled  in  1950 
and  1952,  respectively.  The  average 
growth  rate  of  bass  in  the  upper  area 
of  Jordan  Creek  was  almost  identical 
to  the  average  growth  rate  of  bass 
in  the  lower  area  during  the  first 
year  of  life.  In  succeeding  years, 
however,  growth  of  bass  in  the  upper 
area  was  faster  than  bass  growth  in 
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Table  6. — Average  Lengths  for  400  Longear  Sunfish  Collected  in  Jordan  Creek 
in  1950  (260  of  these  specimens  were  taken  from  the  lower 
wooded  area  and  140  from  the  upper  open  area). 


Number 

Calculated  length  at  each  annulus 

Av.  length 
(inches) 

Year 

of  fish 

1 

2 

3 

4 

5 

6 

Lo 

wer  w 

ooded 

area 

1944 . 

6 

1.0 

1.9 

2.9 

3.9 

4.6 

5.1 

5.4 

1945 . 

37 

1.1 

2.2 

3.2 

4.1 

4.8 

5.2 

1946 . 

116 

1.0 

2.1 

3.2 

4.2 

4.7 

1947 . 

38 

1.2 

2.5 

3.8 

4.4 

1948 . 

24 

1.1 

2.3 

3.4 

1949 . 

39 

1.2 

.... 

.... 

2.4 

Weighted  averages.  .  . 

1.1 

2.2 

3.3 

4.2 

4.7 

5.1 

.... 

Upper  open  area 


1944  . 

1945  . 

1946  . 

1947  . 

1948  . 

1949  . 

1 

9 

18 

29 

40 

43 

1  .2 
1.2 
1.2 
1.1 
1.1 
1.3 

2.3 

2.4 
2.2 

2.3 

2.4 

3.1 
3.7 
3.4 

3.2 

3.9 

4.6 

4.4 

5.1 

5.2 

5.5 

5.9 

5.6 

5.0 

4.0 

3.5 

2.6 

Weighted  averages.  .  . 

1.2 

2.3 

3.4 

4.4 

5.2 

5.5 

.... 

Weighted  averages  for 
all  fish ............ 

1.1 

2.2 

3.3 

4.2 

4.8 

5.2 

.... 

the  lower  area.  This  was  also  true 
of  each  individual  year-class  except 
the  1946  year-class  shown  in  table  1 
and  the  1948  year-class  shown  in 
table  2. 

Legal  size  of  ten  inches  is  reached 
in  the  third  or  fourth  year  of  life  in 
Jordan  Creek.  This  rate  of  growth 
compares  well  with  average  rates  of 
growth  for  small  mouths  from  other 
waters  reported  by  various  investi¬ 
gators  (Carlander,  1950).  The  old¬ 
est  bass  taken  in  Jordan  Creek  were 
in  their  seventh  year  but  most  of  the 
fish  disappeared  before  reaching  that 
age.  The  longest  bass  taken  meas¬ 
ured  15.4  inches  in  total  length. 


Sixty-eight  native  legal-length  bass 
were  captured  in  the  four-mile  sec¬ 
tion  of  stream  in  1950  and  73  in  1952. 
Seventeen  legal-length  bass  were  tak¬ 
en  in  the  upper,  open  area  in  1950. 
In  1952,  the  number  of  legal-length 
bass  taken  in  that  area  increased  to 
35. 

Longear  Sunfish 

Age  determinations  were  made 
from  the  scales  of  400  longear  sun- 
fish  collected  in  1950  and  from  415 
collected  in  1952.  The  body  length- 
scale  length  relationship  was  deter¬ 
mined  and  a  correction  factor  of  0.25 
inches  was  used  in  calculating  the 
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growth  with  a  nomograph  and  ma- 
nila  strips. 

Tables  6  and  7  show  the  average 
calculated  total  lengths  in  inches  for 
the  longear  snnfish  sampled  in  1950 
and  1952,  respectively.  In  the  1950 
collections,  the  average  growth  rate 
of  140  longears  from  the  upper,  open 
area  was  slightly  greater  than  the 
average  growth  rate  of  260  longears 
from  the  lower,  wooded  area.  In 
the  1952  collections,  the  average 
growth  rates  of  213  longears  from 
the  upper  area  and  202  longears 


from  the  lower  area  were  almost 
identical. 

Few  longear  snnfish  of  desirable 
sizes  (6  inches  or  longer)  were  taken 
in  the  stream.  The  oldest  were  in 
their  seventh  or  eighth  year  and  the 
majority  of  these  were  taken  from 
the  lower  area  of  the  stream. 

A  comparison  of  the  rate  of  growth 
of  longears  from  Jordan  Creek  with 
growth  of  those  from  Michigan  and 
Indiana  reported  by  Hubbs  and 
Cooper  (1935)  and  Hile  (1931) 
shows  that  longears  from  J ordan 


Table  7. — Average  Lengths  for  415  Longear  Sunfisii  Collected  in  Jordan  Creek 
in  1952  (202  of  these  specimens  were  taken  from  the  lower 
wooded  area  and  213  from  the  upper  open  area). 


Year 

Number 
of  fish 

Calculated  length  at  each  annulus 

Av.  length 
(inches) 

1 

2 

3 

4 

5 

6 

7 

Lo 

wer 

wood 

ed  a 

rea 

1945  . 

5 

1.2 

2.1 

3.1 

3.8 

4.4 

4.8 

5.2 

5.2 

1946  . 

19 

1.2 

2.4 

3.5 

4.3 

4.9 

5 . 3 

. .  . 

5 . 7 

1947  . 

26 

1.2 

2.4 

3.6 

4.4 

5.0 

5 . 1 

1948 . 

32 

1.2 

2.5 

3.6 

4.5 

.  .  . 

4.9 

1949 . 

24 

1.2 

2.5 

3.7 

. .  . 

4.2 

O  Q 

1950 . 

32 

1.0 

2.4 

. .  . 

.  .  . 

o .  2 
o  A 

1951 . 

63 

1.1 

•  •  • 

9  1 

1952 . 

1 

. .  . 

•  *  * 

*  *  ' 

Li  .  J. 

Weighted  averages .  .  . 

1.1 

2.4 

3.6 

4.4 

4.9 

5.2 

5.2 

Upper  open  area 


1945  . 

1946  . 

1947  . 

1948  . 

1949  . 

1950  . 

1951  . 

1952  . 

0 

2 

12 

39 

40 

95 

23 

2 

1.5 

1.2 

1.2 

1.2 

1.0 

1.0 

2.6 

2.4 

2.4 

2.5 
2.4 

3.8 

3.5 

4.0 

3.7 

4*8 

4.2 

4 . 6 

5.3 

4.8 

5.7 

5.7 

4.9 

4.8 

4.3 

3.1 

2.6 

2.0 

Weighted  averages.  .  . 

1.1 

2.4 

3.6 

4.6 

4.9 

5.7 

Weighted  averages  for 
all  fish . 

/ 

1.1 

2.4 

3.6 

4.4 

4.9 

5.3 

5.2 

. . . 
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Creek  grow  more  slowly  during  the 
first  two  or  three  years  of  life  but 
faster  in  succeeding  years.  This  in¬ 
crease  in  annual  increment  for  long- 
ears  belonging  to  the  age  groups  TV 
to  VII  is  sufficient  to  cause  these  fish 
from  Jordan  Creek  to  exceed  in 
length  and  weight  longears  of  com¬ 
parable  ages  from  Michigan  and 
Indiana. 

Discussion 

A  faster  rate  of  growth  for  small- 
mouth  bass  in  the  upper  area  of 
Jordan  Creek  is  not  unexpected  when 
warmer  water  temperatures,  more 
bottom  organisms,  and  greater  num¬ 
bers  of  minnows  occur  in  that  area 
during  the  main  part  of  the  growing 
season.  These  same  factors  might 
also  be  expected  to  have  a  similar 
effect  upon  the  other  species  of  fish 
in  that  area.  The  longear  sunfish, 
however,  showed  only  a  slightly  fast¬ 
er  average  rate  of  growth  in  the  up¬ 
per  area  of  the  stream  in  the  1950 
collections,  and  an  almost  identical 
rate  of  growth  in  the  two  areas  of 
the  stream  in  the  1952  collections. 

Obviously  several  factors  control¬ 
ling  growth  rates  are  involved  in  this 
situation.  Some  factors  may  affect 
all  species  in  the  same  way;  others 
may  affect  one  species  in  a  different 
way  from  another.  The  warmer 
temperatures  in  the  upper  area  of 
Jordan  Creek  might  be  expected  to 
increase  the  rate  of  digestion  (and 
metabolism)  for  both  the  smallmouth 
bass  and  the  longear  sunfish  in  that 
area.  Markus  (1933)  showed  that 
the  rate  of  digestion  of  minnows  by 
largemouth  bass  increased  with  a  rise 
in  water  temperature,  at  least  until 
the  water  reached  about  93 °F.  (the 
end  point  of  his  experiment).  The 


maximum  temperature  recorded  for 
the  upper  area  of  Jordan  Creek  was 
94°  F.  and  this  water  temperature 
held  for  only  a  few  hours  on  August 
31,  1951. 

The  greater  weight  of  bottom  or¬ 
ganisms  upstream  during  the  major 
part  of  the  growing  season  also  may 
be  considered  as  an  asset  to  fish  in¬ 
habiting  the  upstream  area.  Bottom 
organisms  enter  into  the  food  of  both 
smallmouths  and  longears,  either  di¬ 
rectly  or  indirectly,  as  links  in  the 
food  chains  of  the  aquatic  habitat. 

The  minnow  population  may  affect 
bass  and  longears  in  different  ways. 
Minnows  often  serve  as  part  of  the 
food  of  smallmouth  bass,  whereas  it 
is  very  doubtful  that  any  significant 
number  of  minnows  enter  into  the 
diet  of  longears  except  when  the 
former  are  very  small.  It  is  also 
possible  that  longears  and  many  spe¬ 
cies  of  minnows  compete  with  one  an¬ 
other  for  food.  Thus  the  minnow 
population  upstream,  which  was  21/4 
times  greater  in  number  and  23  per¬ 
cent  greater  in  weight  than  in  the 
lower  area,  could  partially  account 
for  the  faster  growth  rate  of  the  bass 
and  could,  by  increasing  food  com¬ 
petition  for  longears,  neutralize  the 
effects  of  the  warmer  water  tempera¬ 
tures  and  greater  numbers  of  bottom 
organisms. 

Another  important  consideration 
may  be  the  relative  numbers  of  each 
of  the  two  species  of  fish  in  the  two 
areas  of  the  stream.  There  were  less 
than  three-fourths  the  number  and 
one-half  the  weight  of  bass  upstream 
as  downstream  in  1950.  If  all  other 
factors  are  ignored,  this  smaller  pop¬ 
ulation  upstream  might  be  used  to 
explain  the  faster  growth  for  bass. 
On  the  other  hand,  there  were  al- 
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most  four  times  the  number  and 
twice  the  weight  of  longears  in  the 
upstream  area  compared  with  the 
downstream  area.  Considering  only 
the  comparative  weights  of  the  two 
longear  populations,  a  faster  growth 
rate  would  be  expected  to  occur  in 
the  downstream  area.  Such  was  not 
the  case ;  growth  of  longears  was  not 
proportional  to  population  density  in 
the  two  areas. 

Growth  of  these  two  species  of  fish 
in  the  two  segments  of  the  stream 
appears  to  be  controlled  by  an  inter¬ 
play  of  many  factors.  The  small- 
mouth  bass  upstream  apparently  re¬ 
ceived  benefit  from  all  the  factors 
discussed  here  and  reflected  those 
benefits  in  their  faster  growth  rate. 
The  longear  sunfish  upstream  may 
have  gained  from  the  warmer  tem¬ 
peratures  and  greater  density  of  bot¬ 
tom  fauna,  but  these  gains  were  per¬ 
haps  counterbalanced  by  greater 
inter-  and  intra-specific  competition 
for  food. 

Summary 

1.  The  portion  of  Jordan  Creek 
which  was  studied  consisted  of  the 
lower  four  miles  of  the  stream.  This 
study  area  is  divided  into  an  un- 
shaded  upstream  area  and  a  shaded 
downstream  area. 

2.  The  mean  daily  water  tempera¬ 
tures  in  the  upstream  area  were  high¬ 
er  than  those  in  the  downstream  area 
during  the  summer  months  of  1951. 
Greater  extremes  of  water  tempera¬ 
tures  occurred  in  the  upstream  area. 

3.  Samples  of  the  bottom  fauna  in 
1952  revealed  that  in  June  there  were 
slightly  more  annelids,  insects,  and 
mollusks  in  the  lower  area  of  the 
stream  than  in  the  upstream  area. 
There  were  about  two  times  as  many 


crayfish  in  the  lower  area  as  in  the 
upper  area,  but  in  July,  August,  and 
September,  there  were  always  at 
least  twice  as  many  bottom  inverte¬ 
brates  in  the  collections  from  the  up¬ 
stream  area  as  in  those  from  the 
downstream  area. 

4.  Smallmouth  bass  grew  faster 
in  the  upper  open  area  of  the  stream 
than  in  the  lower  wooded  area.  There 
were  27  percent  more  bass  down¬ 
stream  in  1950,  and  collectively  they 
weighed  twice  as  much  as  the  bass 
upstream. 

5.  Longear  sunfish  grew  at  almost 
the  same  rate  upstream  as  down¬ 
stream.  There  were  almost  4  times 
the  number  and  twice  the  weight  of 
longears  upstream  as  downstream  in 
1950. 

6.  The  faster  growth  rate  of  bass 
in  the  upstream  area  of  Jordan 
Creek  may  be  the  result  of  warmer 
temperate  res,  more  bottom  organ¬ 
isms,  less  interspecific  crowding,  and 
greater  numbers  of  minnows.  Growth 
of  longear  sunfish  may  not  reflect 
the  possible  advantages  of  warmer 
temperatures  and  more  bottom  in¬ 
vertebrates  because  of  increased  in¬ 
ter-  and  intra-specific  competition  in 
the  upstream  area. 
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ARCHAEOLOGY  AND  ANTHROPOLOGY 

WARREN  KING  MOOREHEAD— HIS  CONTRIBUTIONS 
TO  ARCHAEOLOGY  IN  ILLINOIS 

By  C.  C.  BURPORD 
TJrbana 


One  of  our  greatest  American  ar¬ 
chaeologists,  Warren  King  Moore- 
head,  was  born  of  American  mission¬ 
ary  parents  in  Sienna,  Italy,  March 
10,  1868.  When  he  was  four,  his 
parents  returned  to  the  United 
States,  to  Xenia,  Ohio,  where  his 
father  served  many  years  as  a  pro¬ 
fessor  in  the  theological  seminary. 
Ohio  became  in  reality  the  home  state 
of  Moorehead,  and  Xenia,  his  home 
town. 

Moorehead  attended  Denison  Uni¬ 
versity,  at  Granville,  Ohio,  as  a  mem¬ 
ber  of  the  class  of  1886.  Denison 
granted  him  the  honorary  degree  of 
Doctor  of  Science  in  1930;  in  1901, 
he  received  an  honorary  Master  of 
Arts  from  Dartmouth  College,  and  in 
1927,  an  honorary  Doctorate  of  Sci¬ 
ence  from  Oglethorpe  University. 

He  became  a  field  man,  as  we  say, 
in  the  study  of  American  Indian 
archaeology.  He  took  to  the  field. 
He  was  not  a  trained,  professional 
archaeologist,  as  we  know  them  to¬ 
day,  with  earned  doctorates  from 
leading  universities. 

Moorehead  became  infatuated  as  a 
young  man  with  Indian  remains  in 
Ohio,  especially  the  Serpent  Mound, 
Fort  Ancient  in  Warren  County,  and 
many  other  notable  earthworks 
across  central  and  southern  Ohio. 
When  only  21,  he  had  undertaken  on 
his  own  initiative  excavations  at  Fort 


Ancient  and  had  published  an  article 
on  that  great  work  of  prehistoric 
man. 

“Fort  Ancient  was  probably  the 
first  of  a  number  of  causes  for  which 
Moorehead  worked.  It  was  largely 
due  to  his  ceaseless  efforts  that  the 
site  was  preserved  as  an  Ohio  State 
Park.  He  undertook  excavations  in 
Ohio  for  four  years.  ’ n 

Moorehead  served  through  1890  as 
an  assistant  under  Dr.  Thomas  Wil¬ 
son  in  the  Smithsonian  Institution. 
He  investigated  Sioux  uprisings  in 
Minnesota,  being  especially  inter¬ 
ested  in  the  Ghost  Dance  and  in  the 
“Messiah  Craze, ”  as  the  latter  was 
known.  He  was  interested  in  the 
American  Indian,  as  a  man  and  as  a 
group,  as  well  as  in  American  Indian 
artifacts. 

He  was  early  in  the  field  of  ar¬ 
chaeology  in  the  United  States.  He 
was  22  years  old  when  the  University 
of  Chicago  was  chartered  in  1880, 
still  older  when  its  Department  of 
Anthropology  was  opened.  He  was 
too  early  to  become  a  professional 
archaeologist,  as  we  know  scholarly, 
trained  men  in  the  work  today. 
Moorehead  worked  and  studied  for 
the  most  part  on  his  own.  He  was 
self-taught ;  he  studied  as  he  worked 
and  learned  in  the  field. 

1  Douglas  S.  Byers,  Biography  of  Moorehead, 
American  Anthropologist,  vol.  41,  no.  2,  April- June, 
1939. 
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He  was  35  years  old  when  the 
Robert  S.  Peabody  Foundation  for 
Archaeology  was  founded  at  Phillips 
Academy,  Andover,  Mass.  Phillips 
Academy  is  one  of  the  few  secondary 
schools,  possibly  the  only  one,  in  the 
United  States  with  a  Department  of 
Archaeology,  with  staff,  museum,  and 
library.  Moorehead  became  Director 
of  this  work  in  1907. 

In  1892,  at  the  age  of  24,  Moore- 
head  led  an  expedition  into  south¬ 
western  Ohio  to  collect  material  for 
the  World’s  Fair  (Columbian  Ex¬ 
position),  in  Chicago.  One  assign¬ 
ment  was  to  open  a  mound  on  the 
farm  of  M.  C.  Hopewell.  This  work 
first  uncovered  the  remarkable  Hope- 
well  culture,  as  we  have  known  it.2 

Moorehead  was  continually  occu¬ 
pied  with  surveys.  In  his  eagerness 
to  explore  new  areas,  he  often  found 
sites,  then  left  to  others  the  solutions 
to  the  problems  which  he  had  raised. 
He  constantly  went  forward,  start¬ 
ing  many  new  studies,  but  leaving 
many  unfinished,  which  may  be  re¬ 
garded  as  one  of  his  major  defects. 
Yet  his  bibliography,  in  small  type, 
fills  five  pages.  He  wrote  seven  vol¬ 
umes,  scores  of  articles  and  reports. 

Moorehead  was  attracted  to  the 
Cahokia  Mounds,  northwest  of  East 
St.  Louis,  Ill.,  and  began  a  scientific 
study  of  these  mounds  in  1922.  He 
carried  on  the  studies  in  1923,  1924, 
1927,  and  1928,  for  the  most  part  in 
the  summers,  as  he  was  also  busy 
with  his  duties  as  Director  of  the 
Peabody  Museum  at  Andover. 


2  Thorne  Deuel,  Director,  Illinois  State  Musuem, 
gives  Moorehead  full  credit  for  the  first  report  on 
Hopewell  as  follows: — “The  term  .  .  .  derives  from 
the  name  of  M.  C.  Hopewell,  owner  of  the  farm 
which  was  located  and  reported  upon  by  the  late 
Dr.  Warren  King-  Moorehead  in  1892.”  (Thorne 
Deuel,  Scientific  Papers,  edited  for  the  Illinois  State 
Museum,  vol.  5,  page  253,  1952.) 


The  work  on  the  Cahokia  Mounds 
was  done  under  the  direction  of  the 
University  of  Illinois,  although  at  no 
time  was  Moorehead  a  member  of  the 
faculty  of  the  University.  President 
David  Kinlev,  aware  of  the  need  for 
the  scientific  study  of  the  Cahokia 
Mounds,  designated  funds  for  this 
study.  It  is  believed  that  Moore¬ 
head  never  lectured  on  the  campus 
of  the  University  of  Illinois. 

Mound  technique  at  the  Cahokia 
area  was  under  the  direction  of  Jav 
L.  B.  Taylor.  Moorehead  and  Taylor 
also  made  surveys  of  the  Illinois 
River  area,  in  which  the  University 
of  Illinois  has  since  done  notable 
work. 

The  University  was  generous  in 
publishing  the  work  of  Moorehead 
and  Taylor  at  Cahokia  Mounds.3  And 
well  the  University  could  be  liberal, 
as  the  work  of  Moorehead  at  Cahokia 
Mounds  led  to  the  acquisition  by  the 
State  of  Illinois  of  the  area  as  a 
state  park  in  1925. 

Monk’s  Mound,  without  question 
the  stand-out  eminence  in  this  large 
area,  with  possibly  80  mounds,  large 
and  small,  is  one  of  the  great  remains 
of  the  American  Indians  in  the 
United  States.  Few  other  mounds — 
or  even  any  other  man-made  mound 
— can  compare  with  it. 

We  owe  to  Warren  King  Moore¬ 
head,  in  large  part,  the  preservation 
of  the  Cahokia  Mounds  area  and  the 
continued  study  of  American  Indian 
life  and  artifacts  in  that  region — 
one  of  the  most  important  in  the 
United  States.  Had  he  done  nothing 
else  he  would  still  have  made  a  tre¬ 
mendous  contribution  to  the  study  of 
archaeology  in  Illinois. 


3  Univ.  of  Ill.  Bull.,  vol.  19,  no.  35;  vol.  2G, 
no.  4,  pp.  9-106,  an  unusually  long  report  by  Moore¬ 
head,  and  Mound  Technique,  Jay  L.  B.  Taylor. 
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He  served,  across  the  years,  in  a 
wide  variety  of  assignments.  Presi¬ 
dent  Theodore  Roosevelt  in  1909 
made  him  a  member  of  the  Board  of 
Indian  Commissioners.  He  remained 
a  member — eventually  becoming  its 
senior  member — for  24  vears,  until 
its  dissolution  in  1933.  Moorehead 
was  interested  in  the  welfare  of  con¬ 
temporary  American  Indians,  espe¬ 
cially  in  their  property  rights,  which 
he  believed  had  been  abused. 

Moorehead  rendered  continued 
notable  service  as  Director  of  the 
Peabody  Museum  at  Phillips  Acad¬ 
emy  until  he  retired  in  1938,  one  year 
before  he  died.  Its  work  attained 
high  recognition  in  the  field  of 
American  Indian  archaeology. 

Moorehead  was  a  dynamic  figure 
in  the  development  of  archaeology  in 
the  United  States.  He  investigated 
hundreds  of  village  sites,  camp  sites. 


and  mounds.  He  studied  the  Cliff 
Dwellers  ruins  in  the  San  Juan  Val¬ 
ley,  an  investigation  sponsored  joint¬ 
ly  by  the  Peabody  Museum  of  Har¬ 
vard  University,  the  American  Mu¬ 
seum  of  Natural  Historv,  and  the 
Smithsonian  Institution ;  the  Lake 
Champlain  region ;  and  sites  in  Con¬ 
necticut,  Minnesota,  and  Pennsyl¬ 
vania. 

Warren  King  Moorehead  was  al¬ 
ways  an  eager  worker,  never  sparing 
of  himself.  He  was  frequently,  us¬ 
ually,  a  pioneer,  yet  his  work  was 
scientific.  Some  professional  archae¬ 
ologists  have  criticized,  even  attack¬ 
ed,  Moorehead  upon  certain  aspects 
of  his  pioneer  undertakings,  yet 
Moorehead ’s  attainments  rank  high 
in  the  development  of  American  In¬ 
dian  archaeology.  But  of  all  his 
work,  we  in  Illinois  cherish  most  ids 
study  of  the  Cahokia  Mounds. 
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BOTANY 

NOTES  ON  THE  HISTORY  OF  THE  HERBARIUM 
OF  THE  ILLINOIS  STATE  MUSEUM 

GEORGE  D.  FULLER 
Illinois  State  Museum,  Springfield 


INTRODUCTION 

by 

MILTON  D.  THOMPSON 


It  is  now  15  years  since  Dr.  George 
D.  Fuller  took  over  the  task  of  build¬ 
ing  a  representative  Herbarium  of 
Illinois  plants  in  the  Illinois  State 
Museum.  When  be  became  Curator 
of  Botany  at  the  Museum,  he  had 
recently  retired  from  the  Depart¬ 
ment  of  Botany  at  the  University  of 
Chicago.  Most  men  would  have  been 
satisfied  to  consider  their  life  work 
done  rather  than  to  launch  out  on  an¬ 


other  great  task.  During  those  15 
years  he  gave  at  least  one  week  of 
every  month,  and  often  more,  to  the 
task  of  creating  a  proper  Herbarium. 
Now  at  the  age  of  eighty-five  he  is 
again  considering  retirement  and  it 
is  fitting  to  point  out  the  fruits  of  his 
efforts,  which  can  best  be  done  by 
presenting  Dr.  Fuller’s  own  history 
of  the  Herbarium. 


HERBARIUM  OF  THE  ILLINOIS  STATE  MUSEUM 


The  first  thousand  plants. — When 
they  were  discovered  in  the  store¬ 
room  of  the  Museum  in  1938,  the 
plants  seemed  to  be  well  preserved 
and  free  from  damage  by  insects. 
The  newly  appointed  botanist,  Dr. 
George  D.  Fuller,  inspected  them, 
and  the  1010  specimens  regarded  as 
worth  preserving  were  remounted  on 
standard  herbarium  paper,  retaining 
the  original  labels.  They  formed  the 
nucleus  of  the  Herbarium  of  the  Illi¬ 
nois  State  Museum. 

This  collection  of  some  1029  plant 
specimens  was  probably  put  together 
in  1872,  about  the  time  Dr.  George 
Vasey  resigned  as  Curator  of  the 
Natural  History  Museum  in  the  Illi¬ 
nois  State  Normal  University  at 


Bloomington,  Ill.,  and  became  Bot¬ 
anist  of  the  U.  S.  Department  of 
Agriculture  and  Curator  of  the  U.  S. 
National  Herbarium  at  Washington, 
D.  C.  The  specimens,  carefully 
pressed,  were  collected  from  various 
parts  of  the  State  of  Illinois ;  more 
than  500  were  collected  by  Dr. 
Vasey;  300  specimens  were  collected 
by  Elihu  Hall ;  and  200  were  col¬ 
lected  by  John  Wolf. 

George  Vasey,  M.D.1  (1822-1893), 
came  to  Illinois  as  a  young  physician 
in  1848.  He  had  a  well-established 
interest  in  botany  even  then.  Twenty 

1  A  sketch  of  George  Vasey’s  life  by  W.  M.  Canbv 
and  J.  N.  Rose  with  portrait  and  bibliography  ap¬ 
peared  in  Botanical  Gazette  18:  170-183,  1893.  See 
also  “A  Brief  Biography  of  George  Vasey”  in  Afield 
With  Plant  Lovers  and  Collectors ,  by  Alice  L. 
Kibbe,  pp.  207-208,  portrait,  1953. 
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years  later  he  went  on  the  Major 
Powell  Expedition  to  Colorado  and 
also  was  appointed  Curator  of  the 
Natural  History  Museum  in  the  Illi¬ 
nois  State  Normal  University.  In 
1872  he  resigned  to  become  Botanist 
of  the  U.  S.  Department  of  Agricul¬ 
ture  and  Curator  of  the  U.  S.  Nation¬ 
al  Herbarium.  He  seems  to  have 
taken  his  private  herbarium  with 
him,  but  somehow  approximately  500 
plants  of  his  collection  were  pre¬ 
served  in  the  Illinois  State  Museum, 
which  was  not  organized  until  1877. 

Elihu  Hall2  (1822-1882)  came  to 
Athens,  Ill.,  in  1829,  where  his 
father,  a  school  teacher,  settled  on 
farm  land.  Elihu  became  a  success¬ 
ful  farmer  with  a  tremendous  inter¬ 
est  in  botany.  His  herbarium  of 
10,000  plants  is  now  in  the  Chicago 
Natural  History  Museum.  Somehow, 
300  sheets  joined  the  Vasey  collec¬ 
tion  and  came  to  the  Illinois  State 
Museum. 

John  Wolf3  (1820-1897)  was 
brought  by  his  family  to  Canton,  Ill., 
in  1860.  John  taught  school,  became 
a  government  assayer,  prospered, 
bought  commercial  property  and 
lived  on  the  income,  indulging  his 
hobbies  of  botany,  geology,  and  en¬ 
tomology.  He  established  a  museum 
at  Canton.  He  left  his  collections  and 
property  to  the  First  Presbyterian 
Church  of  Canton.  The  church  gave 
the  collections  to  the  high  school, 
where  they  were  largely  dissipated. 
The  remnants  of  his  collections  fin- 

-  There  is  a  sketch  of  his  life  by  Mrs.  J.  M. 
Milligan  in  Botanical  Gazette  9:  59-62,  1884.  See 
also  Bast  and  Present  of  Menard  County,  Illinois, 
by  Rev.  R.  D.  Miller,  pp.  419-420,  1905,  and  Afield 
With  Plant  Lovers  and  Collectors,  by  Alice  L.  Kibbe, 
pp.  142  (portrait),  301-320,  1953. 

11  A  sketch  of  John  Wolf’s  life  with  portrait  by 
Margaret  Middleton  appeared  in  the  Transactions  of 
the  Illinois  State  Academy  of  Science  33:12-14, 
1940. 


ally  went  to  the  herbarium  at  the 
Universitv  of  Illinois. 

Both  Hall  and  Wolf  were  friends 
of  George  Vasey.  The  thousand 
plants  which  made  up  the  beginning 
of  the  Illinois  State  Museum  Her¬ 
barium  were  probably  placed  in  the 
Natural  History  Museum  at  Normal 
when  Vasey  was  its  Curator.  Be¬ 
tween  1897  and  1906  a  sizeable  col¬ 
lection  of  zoological  specimens  was 
transferred  from  the  Laboratorv  of 
Natural  History  at  Normal  to  the 
Illinois  State  Museum,  then  under 
the  direction  of  C.  H.  Crantz,  and 
the  plants  probably  were  included 
in  the  transfer. 

Collections  by  W.  P.  A.  workers — 
During  1938  a  state-wide  museum 
project  of  the  Work  Projects  Ad¬ 
ministration  arranged  to  put  collec¬ 
tors  in  the  field.  Mrs.  Alice  A.  Flynn 
was  appointed  Assistant  in  Botany 
at  the  State  Museum  and  several  col¬ 
lectors  under  her  direction,  during 
the  seasons  of  1938  through  1941, 
added  some  6000  sheets  from  Sanga¬ 
mon  County  to  the  Illinois  State 
Herbarium. 

Other  collections  by  AV.  P.  A. 
workers  made  during  1939-1941  in¬ 
cluded  :  Winnebago  County,  under 
the  direction  of  Professor  Evelyn 
Fernald,  Botanist,  Rockford  College, 
7660  sheets;  Jackson  and  William¬ 
son  counties,  under  the  direction  of 
Dr.  Walter  B.  Welch,  Botanist, 
Southern  Illinois  University,  Car- 
bondale,  1540  sheets;  Union  County, 
under  the  direction  of  Mr.  Ralph 
Fisher,  Director  of  Tree  Nursery, 
Jonesboro,  950  sheets;  and  McLean 
County,  under  the  direction  of  Dr. 
Blanche  McAvoy,  Illinois  State  Nor¬ 
mal  University,  Normal,  375  sheets. 
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When  the  work  under  W.  P.  A. 
ended  in  1942,  some  1200  specimens 
had  been  collected  in  Illinois. 

Collections  by  Naturalists  of  State 
Parks. — Naturalists  at  three  State 
parks,  Father  George  M.  Link,  of 
Pere  Marquette  State  Park,  Dr.  Don¬ 
ald  T.  Ries,  of  Starved  Rock  State 
Park,  and  Mrs.  Alice  L.  Hills,  of 
White  Pines  State  Park,  made  col¬ 
lections  of  plants  and  sent  them  to 
the  Museum,  where  the  plants  have 
been  identified  by  Dr.  Fuller.  The 
Museum  has  retained  the  duplicates, 
and  the  original  specimens,  correctly 
named,  have  been  returned  to  the 
naturalists.  By  this  arrangement 
the  Museum  has  obtained  over  a 
thousand  specimens,  and  the  parks 
have  benefited  also. 

Collections  contributed  by  members 
of  other  institutions. 

Prof.  G.  Neville  Jones,  University  of 
Illinois,  Urbana,  Ill.,  2704  speci¬ 
mens,  from  1942  to  1953. 

Dr.  L.  R.  Tehon,  Natural  History 
Survey,  Urbana,  Ill.,  363  mounted 
specimens,  from  1942-1944. 

Rev.  R.  R.  Drinker,  Quincy  College, 
Quincy,  Ill.,  1100  specimens,  from 
1943-47. 

Dr.  Robert  Evers,  Natural  Histor}^ 
Survey,  Urbana,  Ill.,  170  speci¬ 
mens,  from  1947-1953. 

Mr.  H.  E.  Abies,  University  of  Illi¬ 
nois,  Urbana,  Ill.,  80  specimens, 
from  1950-1953. 

Prof.  R.  Maurice  Myers,  Western 
Illinois  State  College,  Macomb, 
Ill.,  587  specimens,  from  1947- 
1953. 

Dr.  John  W.  Voigt,  Southern  Illinois 
University,  Carbondale,  Ill.,  260 
specimens,  from  1951-1953. 


Mr.  Gordon  Pearsall,  Cook  County 
Forest  Preserve,  Chicago,  Ill.,  426 
plant  specimens,  from  1942-1945. 

Dr.  Philip  B.  Whitford,  University 
of  Wisconsin  of  Milwaukee,  Mil¬ 
waukee,  Wis.,  collected  some  500 
specimens  from  DeKalb  County. 

Dr.  Virginius  H.  Chase,  Herbarium 
of  Peoria  Academy  of  Science, 
Bradley  University,  Peoria,  Ill., 
600  specimens. 

Individual  collectors. 

Egbert  W.  Fell,  M.D.,  Rockford,  Ill., 
Honorary  Curator  of  Botany,  Illi¬ 
nois  State  Museum.  In  1945,  when 
Dr.  Fell’s  health  required  that  he 
spend  more  time  out  of  doors,  he 
took  up  as  a  hobby  the  study  of 
botany.  Dr.  Fell  is  an  active  col¬ 
lector  and  in  the  past  eight  years 
he  has  contributed  to  the  Museum 
3666  plant  specimens,  several  of 
which  represent  hitherto  unknown 
species  in  Illinois. 

Mrs.  Vera  Scherer  Shaw,  Olney,  Ill., 
has  collected  700  specimens  be¬ 
tween  1948  and  1953. 

Julian  Neil,  East  St.  Louis,  Ill.,  a 
high  school  teacher,  has  contrib¬ 
uted  1000  specimens  from  St. 
Clair  County,  including  several 
species  new  to  the  State. 

Dr.  Verne  O.  Graham,  Chicago,  Ill., 
a  principal  in  the  Chicago  schools, 
collected  some  276  specimens  from 
1942  to  1946. 

R.  E.  Blount  was  a  teacher  in  Chi¬ 
cago  high  schools  for  many  years 
until  his  retirement  in  1948.  He 
collected  400  specimens  from  1870 
to  1872. 

Enos  Keithley,  Dixon,  Ill.,  Head 
Gardener  of  the  State  Hospital, 
Dixon,  collected  472  plant  speci¬ 
mens  from  1943  to  1947. 
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Norman  Reeder,  formerly  a  pub¬ 
lisher  and  editor  in  Springfield, 
collected  100  specimens  of  grasses 
from  1940  to  1945. 

Mrs.  Lola  Carter,  Springfield,  Ill.,  a 
careful  collector  of  plants  from 
Sangamon,  Wayne,  and  Morgan 
counties,  collected  200  plant  speci¬ 
mens,  most  of  them  new  to  the 
county. 

Leo  Marty,  Ramsey,  Ill.,  a  carpenter, 
has  collected  200  plant  specimens, 
from  1947  to  1954. 

R.  T.  Rexroat,  a  merchant  in  Vir¬ 
ginia,  Ill.,  collected  763  very  fine 
pressed  specimens  in  1952  and 
1953. 

Collections  of  the  Museum  staff. — 
Dr.  Glen  S.  Winterringer,  Assistant 
Curator  of  the  Herbarium  since  July 
1949,  has  collected  extensively  in  all 
parts  of  Illinois.  His  collections  have 
been  particularly  good  in  the  south¬ 
ern  part  of  the  State  and  he  has 
added  some  9000  specimens  from 
areas  where  additional  data  was 
needed.  He  has  reported  that  there 
are  44,099  mounted  plant  specimens 
in  the  Herbarium,  May  1,  1954. 

The  Changing  Emphasis  in  Plant 
Sciences,  1890-1930 

Some  of  the  changes  in  the  plant 
sciences  during  the  closing  years  of 
the  nineteenth  century  and  in  the 
early  decades  of  the  twentieth  cen- 
tury  are  well  illustrated  in  the  life  of 
John  M.  Coulter.  AVhen  Dr.  Coulter 
was  Professor  of  Botany  at  Indiana 
University  (1890-93),  he  was  a  plant 
taxonomist.  He  came  to  Chicago  in 
1896  to  be  Head  of  the  Department 
of  Botany  of  the  University  of  Chi¬ 
cago  and  brought  with  him  his  her¬ 
barium.  He  did  not  give  any  courses 


in  plant  taxonomy  in  his  new  depart¬ 
ment,  but  gave  courses  in  plant  mor¬ 
phology  and  plant  ecology. 

Under  Dr.  Coulter  the  Department 
of  Botany  of  the  University  of  Chi¬ 
cago  soon  attained  national  reputa¬ 
tion  (1910-1925)  in  three  branches 
of  plant  science,  namely :  plant  mor¬ 
phology.  under  Drs.  Chamberlain 
and  Land ;  plant  ecology,  under  Drs. 
Cowless  and  Fuller;  and  plant  physi¬ 
ology,  under  Drs.  Crocker  and  Shull. 
During  these  years  plant  taxonomy 
received  little  attention,  as  indicated 
by  the  fact  that  of  175  students 
granted  the  Pli.D.  degree  while  Pro¬ 
fessor  Coulter  was  the  Head  of  the 
Department  of  Botany,  only  two 
were  in  plant  taxonomy. 

In  1907  the  Coulter  Herbarium, 
consisting  of  42,826  specimens,  was 
loaned  to  the  Field  Museum,  and  up¬ 
on  the  death  of  Professor  Coulter  in 
1928,  it  was  given  to  that  institution. 
In  1932  the  Museum,  in  reporting 
the  acquisition  of  this  gift,  said  that 
the  Herbarium  contained  51,603 
specimens  valued  at  $40,000. 

During  these  years  the  Field  Mu¬ 
seum  also  enriched  its  store  of  Illi¬ 
nois  plants  by  acquiring  by  purchase, 
gifts,  or  bequests,  the  herbaria  of 
such  early  collectors  as  M.  S.  Bebb, 
H.  N.  Patterson,  and  Eliliu  Hall. 
Similarly  the  Herbarium  of  the  Uni¬ 
versity  of  Illinois  acquired  the  her¬ 
baria  of  such  collectors  as  E.  J.  Hall, 
W.  S.  Moffett,  H.  A.  Gleason,  and 
J.  Schneck.  Thus  there  was  a  desir¬ 
able  preservation  of  portions  of  the 
flora  of  the  State  in  these  two  cen¬ 
tral  herbaria  while  at  the  same  time 
collectors  were  building  up  private 
herbaria  and  there  was  comparative¬ 
ly  little  local  collecting  done  for  the 
two  big  herbaria.  Thus  from  1900 
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to  1930  there  was  very  little  added 
to  our  knowledge  of  the  flora  of 
Illinois. 

Revival  of  Plant  Collections, 
1930—1950 

Events  that  may  be  cited  as  evi¬ 
dence  of  a  revival  of  interest  in  plant 
collecting  are :  the  appointment  of 
Prof.  G.  Neville  Jones  to  be  Plant 
Taxonomist  in  the  Department  of 
Botany,  University  of  Illinois,  and 
publication  of  his  Flora  of  Illinois 
in  1945,  followed  b}^  a  second  edition 
in  1950;  important  additions  to  the 
Herbarium  of  the  University  of  Illi¬ 
nois  made  by  Mr.  IT.  E.  Aides,  Assist¬ 
ant  in  the  Herbarium,  University  of 
Illinois;  the  founding  of  the  Her¬ 
barium  of  the  Illinois  State  Mu¬ 
seum  by  Dr.  George  D.  Fuller  in 
1 938 ;  the  large  increase  in  the  size 
of  the  herbarium  of  the  Illinois 
Natural  History  Survey  due  to 
the  activities  of  Dr.  H.  S.  Pepoon 
and  Dr.  Robert  Evers ;  the  founding 
of  herbaria  at  Quincy  College  and  at 
Western  Illinois  State  College,  at 
Macomb ;  the  collections  by  W.P.A. 
workers ;  and  the  activities  of  col¬ 
lectors  listed  in  the  earlier  pages  of 
this  report.  The  revival  resulted  in 
the  collection  of  more  than  120,000 
plant  specimens,  which  were  mounted 
and  preserved  in  recognized  her¬ 
baria  in  the  State  during  these  two 
decades. 

Vascular  Plants  of  Illinois 

As  far  back  as  1938  it  was  planned 
to  publish  a  book  on  the  plants  of 
Illinois,  using  as  a  basis  the  speci¬ 
mens  collected  for  the  Museum  Her¬ 
barium.  Later  this  plan  was  extend¬ 
ed  to  include  specimens  found  in 
other  herbaria  in  the  Middle  West 
that  pertained  to  this  State. 


In  1945  a  tentative  agreement  was 
made  with  the  Botany  Department, 
University  of  Illinois,  where  Dr.  G. 
Neville  Jones  had  been  working  on 
such  a  publication  since  early  in 
1940.  Accordingly,  the  University 
Press  of  the  University  of  Illinois 
undertook  the  publication  of  Vas¬ 
cular  Plants  of  Illinois,  to  be  financed 
jointly  by  the  Illinois  State  Museum 
and  the  Department  of  Botany  of 
the  University  of  Illinois.  Professor 
G.  Neville  Jones  and  Dr.  George  D. 
Fuller  and  their  assistants  under¬ 
took  the  authorship  of  the  book. 
While  both  assume  full  responsibil¬ 
ity  for  the  contents  of  the  volume, 
the  former  concerned  himself  par¬ 
ticularly  with  classification  data  and 
the  latter  with  distribution  data  of 
the  species  of  the  State.  The  book  is 
now  in  press. 

As  early  as  1950  Dr.  Fuller  had 
begun  to  visit  different  herbaria  to 
accumulate  data  on  the  distribution 
of  various  species  in  the  State.  All 
available  collections  were  examined 
and  innumerable  data  were  recorded 
on  cards  which  were  filed  at  the  Illi¬ 
nois  State  Museum.  Later  Dr.  Fuller 
was  ably  assisted  by  Dr.  Winter- 
ringer  in  accumulating  the  data  of 
distribution  of  species.  The  data  on 
the  record  cards  were  transferred  to 
sheets,  one  for  each  of  the  2300  spe¬ 
cies  occurring  in  the  various  counties 
of  the  State.  Then  the  information 
contained  on  the  data  sheets  was 
plotted  on  base  maps.  In  this  dif¬ 
ficult  and  tedious  task  Mrs.  Alice 
Flynn  proved  herself  a  skillful  and 
untiring  worker.  She  produced  more 
than  2000  excellent  maps,  some  hav¬ 
ing  two  species  on  one  map.  Dr. 
Winterringer  assisted  in  producing 
the  maps  and  was  particularly  effi- 
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cient  in  fitting  the  maps  into  the  text 
of  Vascular  Plants  of  Illinois,  which 
was  being  produced  at  Urbana  by 
Dr.  Jones  and  his  assistants.  By  the 
end  of  June  1953,  the  botanists  of 
the  State  Museum  had  collected  the 
data  on  distribution  of  plant  species 
of  the  State  and  had  finished  plot¬ 
ting  the  data  on  the  maps. 

As  far  back  as  1943  Professor 
Jones  produced  a  rough  first  draft 


of  a  manuscript  of  a  flora  of  the 
State  and  every  year  since  then  the 
Graduate  College  of  the  University 
of  Illinois  has  generously  supported 
the  work.  About  the  first  of  Sep¬ 
tember,  1953,  at  Urbana,  the  final 
writing  of  the  text  was  begun,  and 
early  in  November  the  manuscript 
was  placed  in  the  hands  of  the  edi¬ 
tors  of  the  University  Press  at 
Urbana. 
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CHECK  LIST  OF  VASCULAR  PLANTS  OF 
BOONE  COUNTY,  ILLINOIS* 

EGBERT  W.  FELL  and  GEORGE  D.  FULLER 

Illinois  State  Museum,  Springfield, 

AND  GEORGE  B.  FELL 

Mature  Conservancy 


Boone  County  lies  along*  the  north¬ 
ern  border  of  Illinois  about  45  miles 
west  of  Lake  Michigan.  It  is  12  miles 
from  east  to  west  and  23%  miles 
from  north  to  south,  and  consists  of 
8  townships. 

The  county  is  primarily  rural,  the 
only  large  town  being  Belvidere, 
which  has  a  population  of  9,000. 
Settlement  began  about  1835  and  in¬ 
creased  rapidly  until  it  reached  13,- 
000,  in  1870;  it  now  totals  about  17,- 
000.  Agriculture  is  the  principal 
land  use ;  the  county  is  on  the  border 
between  the  corn  belt  and  the  north¬ 
ern  dairy  region.  Chicago,  about  70 
miles  away,  furnishes  an  important 
market  for  whole  milk.  Cannery 
crops  such  as  peas,  sweet  corn,  and 
tomatoes  occupy  a  considerable  acre¬ 
age  in  the  vicinity  of  Belvidere. 

The  topography  is  moderate,  the 
low  point  being  733  feet  above  sea 
level  and  the  high  point  1,051  feet. 
The  main  streams  are  the  Kishwau- 
kee  River  and  its  tributary,  Pisca- 
saw  Creek,  which  flows  into  it  from 
the  northeast.  Beaver  Creek  runs 
roughly  parallel  to  Piscasaw  Creek 
and  joins  the  Kishwaukee  farther 
downstream.  The  northern  portion 
of  the  county  is  drained  by  short 
streams  running  to  the  west  into  the 
Rock  River. 


*  There  have  been  some  additions  to  the  list  sub¬ 
sequent  to  the  Academy  meetings  as  a  result  of 
collections  made  during  the  summer  of  1954. 


The  county  has  been  glaciated;  the 
lllinoian  glaciation  was  the  last  to 
cover  the  northwestern  part.  The 
Belvidere  lobe  of  the  early  Wiscon¬ 
sin  ice  sheet  extended  from  the  east 
to  cover  the  southeast  half,  princi¬ 
pally  below  the  Kishwaukee  River 
and  Piscasaw  Creek,  but  with  a  strip 
about  two  miles  wide  running  up  to 
the  northeast  corner  of  the  county. 
Extensive  gravel  terraces  occur  in 
the  valleys  along  Piscasaw  and  Beav¬ 
er  creeks.  This  gravel  was  washed 
downstream  with  water  from  the 
melting  glacier  and  deposited  in  the 
stream  valleys. 

The  soils  of  the  county  are  derived 
principally  from  the  glacial  till  and 
the  gravel  of  the  stream  terraces. 
Most  of  the  region  is  well  drained, 
but  some  flat  areas  occur  in  the  head¬ 
waters  of  streams,  particularly 
Beaver  Creek.  Several  of  these  are 
swampy  and  have  extensive  muck 
deposits.  A  few  small  outcrops  of 
Galena  dolomite  occur  along  the 
western  border  of  the  county,  par¬ 
ticularly  in  the  northern  part,  and 
there  are  two  small  sand  areas  in  the 
same  locality. 

The  geology  of  the  region  is  cov¬ 
ered  fairly  well  by  Bretz  (1923), 
though  his  study  actually  considered 
an  area  just  outside  the  county  to  the 
southwest.  The  bulletins  of  Rolfe 
(1929)  and  of  Salisbury  and  Bar- 
rows  (1918)  are  also  pertinent. 
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The  native  vegetation  of  the  region 
prior  to  settlement  was  predomin¬ 
antly  oak-hickory  forests  in  the 
northern  part  and  prairie  in  the 
southern  part.  Wet  prairie  and  oak 
openings  apparently  bordered  some 
of  the  smaller  streams  in  the  for¬ 
ested  area.  The  terrace  soils  and 
most  of  the  Wisconsin  drift  sup¬ 
ported  prairie  vegetation.  By  study¬ 
ing  the  county  soil  survey  (Wascher, 
Smith,  and  Smith,  1935)  one  can  de¬ 
termine  fairly  accurately  the  gen¬ 
eral  character  of  the  original  vegeta¬ 
tion  for  a  given  area. 

Of  the  70,000  acres  said  to  have 
been  originally  forested  (Wascher, 
Smith,  and  Smith,  1935)  only  about 
2  percent  is  now  devoted  primarily 
to  forestry  purposes.  An  additional 
11  percent  remains  with  some  forest 
cover  but  is  used  primarily  as  pas¬ 
ture.  A  much  smaller  portion  of  the 
original  prairie  remains  unaltered. 

Some  plants  were  collected  in 
Boone  County  40  years  ago  by  H.  C. 
Benke  and  some  recently  by  R.  A. 
Evers  of  the  State  Natural  History 
Survey,  but  we  know  of  no  extensive 
collections  except  our  own.  We  know 
of  no  prior  attempt  to  list  the  plants 
of  the  county,  though  much  work 
has  been  done  on  the  vegetation  of 
Winnebago  County,  just  to  the  west, 
the  most  recent  studies  being  by  the 
present  authors  (Fell,  in  press; 
Fuller,  Fell,  and  Fell,  1949). 

The  check  list  is  based  primarily 
upon  collections  made  over  the  past 
10  years.  The  plants  have  been  sent 
to  the  State  Museum  Herbarium. 
Tli ere  is  also  an  undetermined  num¬ 
ber  of  plants  in  other  herbaria  in 
Illinois  and  elsewhere.  Since  it  is 
our  purpose  to  give  a  fair  view  of  the 
vegetation  of  Boone  County,  we  have 


not  confined  our  list  to  specimens 
that  are  in  herbaria  but  have  includ¬ 
ed  many  common  species  (weeds, 
etc.)  that  have  been  observed  by  the 
authors. 

The  taxonomic  arrangement  and 
nomenclature  follow  Jones  (1950) 
with  very  few  exceptions.  Species 
that  are  not  native  are  indicated  by 
an  asterisk. 

EQUISETACEAE 

Equisetum  arvense  L. 

E.  hyemale  L. 

E.  laevigatum  A.  Br. 

OPHIOGLOSSACEAE 

Botiychium  dissectum  Spreng. 

B.  obliquum  Muhl. 

B.  multifidum  (S.G.  Gmel.)  Rupr. 

B.  virginianum  (L.)  Sw. 

OSMUNDACEAE 
Osmunda  claytoniana  L. 

POLYPQDIACEAE 

Adiantum  pedatum  L. 

Asplenium  platyneuron  (L.)  Oakes. 
Athyrium  angustum  (Willd.)  Presl. 
Cryptogramma  stelleri  (S.G.  Gmel.) 
Prantl. 

Cystopteris  bulbifera  (L.)  Bernh. 

C.  fragilis  (L.)  Bernh. 

Dryopteris  cristata  (L.)  A.  Gray. 

D.  intermedia  (Muhl.)  A.  Gray. 

D.  spinulosa  (O.F.  Muell.)  Watt. 

D.  tlielypteris  (L.)  A.  Gray. 

Onoclea  sensibilis  L. 

Pellaea  glabella  Mett. 

Pteridium  latiusculum  (Desv.)  Hieron 

CUPRESSACEAE 
Juniperus  virginiana  L. 

TYPHACEAE 

Typha  angustifolia  L. 

T.  latifolia  L. 

SPARGANIACEAE 
Sparganium  eurycarpum  Engelm. 

POTAMOGETONACEAE 
Potamogeton  foliosus  Raf. 

P.  pectinatus  L. 

P.  zosteriformis  Fern. 

ALISMACEAE 

Alisma  subcordatum  Rat'. 

A.  triviale  Pursh. 

Sagittaria  brevirostra  Mack.  &  Bush. 

S.  latifolia  Willd. 


46 


Illinois  Academy  of  Science  Transactions 


HYDROCHARITACEAE 
Anacliaris  canadensis  (Michx.)  Planch. 

A.  occidentalis  (Pursh.)  Viet. 

GRAMINEAE 

Agropyron  pauciflorum  (Schw.)  Hitchc. 

A.  repens  (L.)  Beauv. 

A.  smithii  Rydb. 

Agrostis  alba  L. 

A.  hyemalis  (Walt.)  BSP. 

A.  palustris  Huds. 

Andropogon  furcatus  Muhl. 

A.  scoparius  Michx. 

Aristida  oligantba  Michx. 

Avena  sativa  L.  (*) 

Bouteloua  curtipendula  (Michx.)  Torr. 
Bromus  ciliatus  L. 

B.  commutatus  Schrad.  (*) 

B.  inermis  Leyss.  (*) 

B.  japoncius  Thunb.  (*) 

B.  latiglumis  (Shear.)  Hitchc. 

B.  purgans  L. 

B.  secalinus  L.  (*) 

B.  sterilis  L.  (*) 

B.  tectorum  L.  (*) 

Calamagrostis  canadensis  (Michx.) 
Beauv. 

Cenchrus  pauciflorus  Benth. 

Cinna  arundinacea  L. 

Dactylis  glomerata  L.  (*) 

Danthonia  spicata  (L.)  Beauv. 

Digitaria  ischaemum  (Schreb.)  Muhl.  (*) 

D.  sanguinalis  (L.)  Scop.  (*) 
Echinocliloa  crusgalli  (L.)  Beauv.  (*) 
Eleusine  indica  (L.)  Gaertn.  (*) 

Elymus  canadensis  L. 

E.  villosus  Muhl. 

E.  virginicus  L. 

Eragrostis  capillaris  (L.)  Nees. 

E.  cilianensis  (All.)  Link.  (*) 

E.  frankii  C.A.  Mey. 

E.  hypnoides  (Lam.)  BSP. 

E.  pectinacea  (Michx.)  Nees. 

E.  spectabilis  (Pursh)  Steud. 

Festuca  elatior  L.  (*) 

F.  obtusa  Spreng. 

F.  octoflora  Walt. 

F.  ovina  L. 

Glyceria  septentrionalis  Hitchc. 

G.  striata  (Lam.)  Hitchc. 

Hierochloe  odorata  (L.)  Beauv. 
Hordeum  jubatum  L. 

Hystrix  patula  Moench. 

Koeleria  cristata  (L.)  Pers. 

Leersia  oryzoides  (L.)  Sw. 

L.  virginica  Willd. 

Leptoloma  cognatum  (Schult.)  Chase. 
Lolium  perenne  L.  (*) 

Muhlenbergia  frondosa  (Poir.)  Fern. 

M.  mexicana  (L.)  Trin. 

M.  racemosa  (Michx.)  BSP. 

M.  schreberi  J.F.  Gmel. 

M.  sobolifera  (Muhl.)  Trin. 


M.  sylvatica  Torr. 

Panicum  capillare  L. 

P.  dichotomiflorum  Michx. 

P.  euchlamydeum  Shinners. 

P.  huachucae  Ashe. 

P.  implicatum  Scribn. 

P.  latifolium  L. 

P.  leigergii  (Vasey)  Scribn. 

P.  linearifolium  Scribn. 

P.  oligosanthes  Schult. 

P.  perlongum  Nash. 

P.  praecocius  Hitchc.  &  Chase. 

P.  scribnerianum  Nash. 

P.  tennesseense  Ashe. 

P.  virgatum  L. 

Phalaris  arundinacea  L. 

Phleum  pratense  L. 

Phragmites  communis  Trin. 

Poa  annua  L.  (*) 

P.  compressa  L.  (*) 

P.  palustris  L. 

P.  pratensis  L. 

Secale  cereale  L.  (*) 

Setaria  lutescens  (Weigel)  F.T. 
Hubb.  (*) 

S.  verticillata  (L.)  Beauv.  (*) 

S.  viridis  (L.)  Beauv.  (*) 
Sorghastrum  nutans  (L. )  Nash. 
Sorghum  vulgare  Pers.  (*) 

Spartina  pectinata  Link. 

Sphenopholis  nitida,  (Spreng.)  Scribn. 
Sporobolus  asper  (Michx.)  Kunth. 

S.  cryptandrus  (Torr.)  A.  Gray. 

S.  heterolepis  A.  Gray. 

S.  neglectus  Nash. 

S.  vaginiflorus  (Torr.)  Wood. 

Stipa  spartea  Trin. 

Triticum  aestivum  L.  (*) 

Zizania  aquatica  L. 

CYPERACEAE 
Carex  bebbii  Olney. 

C.  bicknellii  Britt. 

C.  blanda  Dewey. 

C.  brachyglossa  Mack. 

C.  brevior  (Dewey)  Mack. 

C.  buxbaumii  Wahl. 

C.  cephalophora  Muhl. 

C.  communis  Bailey. 

C.  comosa  Boott. 

C.  convoluta  Mack. 

C.  cristatella  Britt. 

C.  davisii  Schw.  &  Torr. 

C.  festucacea  Schk. 

C.  gracilescens  Steud. 

C.  gracillima  Schw. 

C.  granularis  Muhl. 

C.  gravida  Bailey. 

C.  grisea  Wahl. 

C.  haleana  Olney. 

C.  haydenii  Dewey. 

C.  hirtifolia  Mack. 

C.  hystricina  Muhl. 

C.  interior  Bailey. 
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C.  jamesii  Schw. 

C.  laeviconica  Dewey. 

C.  lanuginosa  Miclix. 

C.  lasiocarpa  Ehrh. 

C.  lunelliana  Mack. 

C.  muhlenbergii  Schk. 

C.  normalis  Mack. 

C.  oligocarpa  Schk. 

C.  pennsylvanica  Lam. 

C.  rosea  Schk. 

C.  scoparia  Schk. 

C.  siccata  Dewey. 

C.  sparganioides  Muhl. 

C.  sprengelii  Dewey. 

C.  sterilis  Willd. 

C.  stipata  Muhl. 

C.  stricta  Lam. 

C.  substricta  (Kiikentli.)  Mack. 

C.  tenera  Dewey. 

C.  tetanica  Schk. 

C.  tribuloides  Wahl. 

C.  trichocarpa  Muhl. 

C.  umbellata  Schk. 

C.  vulpinoidea  Michx. 

Cyperus  aristatus  Rottb. 

C.  erythrorhizos  Muhl. 

C.  esculentus  L. 

C.  ferruginescens  Boeck. 

C.  filiculmis  Vahl. 

C.  rivularis  Kunth. 

C.  schweinitzii  Torr. 

C.  strigosus  L. 

Eleocharis  acicularis  (L.)  R.  &  S. 

E.  calve  Torr. 

E.  compressa  Sulliv. 

E.  obtusa  (Willd.)  Schult. 

E.  palustris  (L.)  R.  &  S. 

E.  tenuis  (Willd.)  Schult. 
Eriophorum  angustifolium  Honck. 
Hemicarpha  micrantha  (Vahl.)  Pax. 
Scirpus  americanus  Pers. 

S.  atrovirens  Willd. 

S.  cyperinus  (L. )  Kunth. 

S.  lineatus  Michx. 

S.  validus  Vahl. 

ARACEAE 

Acorus  calamus  L. 

Arisaema  dracontium  (L.)  Schott. 

A.  triphyllum  (L.)  Schott. 
Symplocarpus  foetidus  (L.)  Nutt. 

LEMNACEAE 

Lemna  minor  L. 

L.  trisulca  L. 

Spirodela  polyrhiza  (L.)  Schleid. 

COMMELINACEAE 

Commelina  communis  L. 
Tradescantia  ohiensis  Raf. 

PONTEDERIACEAE 

Heteranthera  dubia  (Jacq.)  MacM. 


JUNCACEAE 

Juncus  dudleyi  Wieg. 

J.  effusus  L. 

J.  interior  Wieg. 

J.  marginatus  Rostk. 

J.  nodosus  L. 

J.  tenuis  Willd. 

J.  torreyi  Coville. 

Luzula  multiflora  (Ehrh.)  Lej. 

LILIACEAE 
Allium  canadense  L. 

A.  tricoccum  Ait. 

Asparagus  officinalis  L.  (*) 

Camassia  scillioides  (Raf.)  Cory. 
Erythronium  albidum  Nutt. 
Hemerocallis  fulva  L.  (*) 

Lilium  michiganense  Farw. 

L.  umbellatum  Pursh. 

Maianthemum  canadense  Desf. 
Ornithogalum  umbellatum  L.  (*) 
Polygonatum  commutatum  (Schult.) 
Dietr. 

Smilacena  racemosa  (L.)  Desf. 

S.  stellata  (L.)  Desf. 

Smilax  ecirrhata  (Engelm.)  Wats. 

S.  hispida  Muhl. 

S.  lasioneuron  Hook. 

Trillium  gleasoni  Fern. 

T.  recurvatum  Beck. 

Uvularia  grandiflora  Sm. 

Yucca  filamentosa  L.  (* ) 

DIOSCOREACEAE 
Dioscorea  villosa  L. 

AMARYLLIDACEAE 
Hypoxis  hirsuta  (L.)  Coville. 

IRIDACEAE 

Belamcanda  chinensis  (L.)  DC.  (*) 
Iris  shrevei  Small. 

Sisyrinchium  albidum  Raf. 

S.  angustifolium  Mill. 

ORCHIDACEAE 

Orchis  spectabilis  L. 

Spiranthes  cernua  (L.)  Rich. 

SALICACEAE 

Populus  alba  L.  (*) 

P.  deltoides  Marsh. 

P.  grandidentata  Michx. 

P.  italica  Moench.  (*) 

P.  tremuloides  Michx. 

Salix  alba  L.  (*) 

S.  amygdaloides  Anders. 

S.  bebbiana  Sarg. 

S.  Candida  Fluegge. 

S.  cordata  Muhl. 

S.  discolor  Muhl. 

S.  fragilis  L.  (*) 

S.  glaucophylloides  Fern. 

S.  humilis  Marsh. 
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S.  interior  Rowlee. 

S.  nigra  Marsh. 

S.  petiolaris  Sm. 

JUGLANDACEAE 

Carya  cordiformis  (Wang.)  K.  Koch. 
C.  ovata  (Mill.)  K.  Koch. 

Juglans  cinerea  L. 

J.  nigra  L. 

BETULACEAE 

Betula  pumila  L. 

Alnus  rugosa  (DuRoi)  Spreng. 
Carpinus  caioliniana  Walt. 

Corylns  americana  Walt. 

Ostrya  virginiana  (Mill.)  K.  Koch. 

FAGACEAE 

Quercus  alba  L. 

Q.  ellipsoidalis  E.J.  Hill. 

Q.  macrocarpa  Michx. 

Q.  muhlenbergii  Engelm. 

Q.  rubra  L. 

Q.  velutina  Lam. 

ULMACEAE 

Celtis  occidentalis  L. 

Ulmus  americana  L. 

U.  rubra  Muhl. 

MORACEAE 

Maclura  pomifera  (Raf.)  Schneid.  (*) 
Morns  rubra  L. 

M.  tatarica  L.  (*) 

CANNABINACEAE 

Cannabis  sativa  L.  (*) 

Humulus  americanus  Nutt. 

URTICACEAE 

Boehmeria  cylindrica  (L.)  Sw. 
Laporta  canadensis  (L.)  Gaud. 
Parietaria  pennsylvanica  Muhl. 

Pilea  pumila  (L.)  A.  Gray. 

Urtica  procera  Muhl. 

SANTALACEAE 
Comandra  umbellata  (L. )  Nutt. 

ARISTOLOCHIACEAE 

Asarum  acuminatum  (Ashe)  Bickn. 

A.  reflexum  Bickn. 

POLYGONACEAE 

Fagopyrum  esculentum  Moench.  (*) 
Polygonum  amphibium  L. 

P.  aviculare  L. 

P.  coccineum  Muhl. 

P.  convolvulus  L.  (*) 

P.  erectum  L. 

P.  fluitans  A.  Eaton. 

P.  hydropiper  L. 

P.  hydropiperoides  Michx. 

P.  lapathifolium  L. 

P.  pennsylvanicum  L. 

P.  persicaria  L. 


P.  punctatum  Ell. 

P.  scandans  L. 

P.  tenue  Michx. 

P.  virginianum  L. 

Rumex  acetosella  L.  (*) 

R.  altissimus  Wood. 

R.  crispus  L.  (*) 

R.  obtusifolius  L.  ( * ) 

R.  orbiculatus  A.  Gray. 

R.  patientia  L.  ( * ) 

R.  triangulivalvis  (Danser)  Rech.f. 

R.  vei  ticillatus  L. 

CHENOPODIACEAE 

Atriplex  hastata  L. 

A.  patula  L. 

Chenopodium  album  L.  (*) 

C.  ambrosoides  L. 

C.  berlandieri  Moq. 

C.  glaucum  L.  (*) 

C.  hydridum  L.  (*) 

C.  standieyanum  Aellen. 

C.  urbicum  L.  (*) 

Salsola  pestifer  A.  Nels.  (*) 

AMARANTHACEAE 

Acnida  altissima  Riddell. 

A.  subnuda  (Wats.)  Standi. 
Amaranthus  albus  L. 

A.  graecizans  L. 

A.  hybridus  L. 

A.  retroflexus  L. 

A.  spinosus  L. 

PHYTOLACCACEAE 
Phytolacca  americana  L. 

NYCTAGINACEAE 
Mirabilis  nyctaginea  (Michx.)  MacM. 

ILLECEBRACEAE 
Paronychia  canadensis  (L.)  Wood. 

AIZOACEAE 
Mollugo  verticillata  L. 

PORTULACACEAE 

Claytonia  virginica  L. 

Portulaca  oleracea  L.  (*) 

CARYOPHYLLACEAE 

Arenaria  lateriflora  L. 

A.  serpyllifolia  L. 

A.  stricta  Michx. 

Cerastium  nutans  Raf. 

C.  vulgatum  L.  (*) 

Lychnis  alba  Mill.  (*) 

L.  coronaria  (L.)  Desr. 

Saponaria  officinalis  L.  (*) 

Silene  antirrhina  L. 

S.  cucubalus  Wibel  (*) 

S.  nivea  (Nutt.)  Otth. 

S.  noctiflora  L.  (*) 

S.  stellata  (L.)  Ait.f. 

Stellaria  aquatica  (Lf)  Scop. 


Vascular  Plants  of  Boone  County 


4!) 


S.  longifolia  Muhl. 

S.  media  (L.)  Vill.  (*) 

RANUNCULACEAE 
Actaea  alba  (L.)  Mill. 

A.  rubra  (Ait.)  Willd, 

Anemone  canadensis  L. 

A.  cylindrica  A.  Gray. 

A.  ludoviciana  Nutt. 

A.  quinquefolia  L. 

A.  virginiana  L. 

Anemonella  thalictroides  (L.)  Spacli. 
Aquilegia  canadensis  L. 

Caltha  palustris  L. 

Clematis  virginiana  L. 

Hepatica  acutiloba  DC. 

Isopyrum  biternatum  (Raf.)  T.  &  G. 
Ranunculus  abortivus  L. 

R.  acris  L.  (*) 

R.  fascicularis  Muhl. 

R.  flabellaris  Raf. 

R.  hispidus  Michx. 

R.  pennsylcanicus  L.f. 

R.  recurvatus  Poir. 

R.  repens  L.  ( * ) 

R.  rhomboideus  Goldie. 

R.  sceleratus  L. 

R.  septentrionalis  Poir. 

R.  trichophyllus  Chaix. 

Thalictrum  dasycarpum  Fisch. 

T.  dioicum  L. 

T.  hypoglaucum  Rydb. 

T.  revolutum  DC. 

NYMPHAEACEAE 

Nuphar  advena  Ait. 

Nymphaea  tuberosa  Paine. 

CERATOPHYLLACEAE 
Ceratophyllum  demersum  L. 

BERBERIDACEAE 

Berberis  thunbergii  DC.  (*) 

B.  vulgaris  L.  (*) 

Caulophyllum  thalictroides  (L.)  Michx. 
Podophyllum  peltatum  L. 

MENISPERMACEAE 
Menispermum  canadense  L. 

PAPAVERACEAE 
Sangunaria  canadensis  L. 

FUMARIACEAE 
Dicentra  cucullaria  (L.)  Bernh. 

CRUCIFERAE 

Alyssum  alyssoides  L. 

Arabis  canadensis  L. 

A.  dentata  T.  &  G. 

A.  glabra  (L.)  Bernh.  (*) 

A.  laevigata  (Muhl.)  Poir. 

A.  lyrata  L. 

A.  pycnocarpa  Hopkins. 


Armoracia  rusticana  Gaertn.  ( * ) 
Barbarea  vulgaris  R.  Br. 

Berteroa  incana  (L.)  DC.  (*) 

Brassica  alba  (L.)  Rabenh.  (*) 

B.  arvensis  (L.)  Rabenh.  (*) 

B.  juncea  (L. )  Cosson.  (*) 

B.  nigra  (L.)  Koch.  (*) 

Capsella  bursa-pastoris  (L.)  Medic.  ( * ) 
Cardamine  bulbosa  (Schreb.)  BSP. 

C.  pennsylvanica  Muhl. 

Conringia  orientalis  (L.)  Dum.  (*) 
Dentaria  laciniata  Muhl. 

Descurainia  brachycarpa  (Richards) 

O.E.  Schulz. 

D.  sophia  (L.)  Webb. 

Draba  reptans  (Lam.)  Fern. 

Erysimum  cheiranthoides  L. 

Hesperis  matronalis  L.  ( * ) 

Lepidium  campestre  (L.)  R.Br.  ( * ) 

L.  densiflorum  Schrad.  (*) 

L.  virginicum  L. 

Nasturtium  officinale  R.Br.  (*) 

Rorippa  hispida  (Desv. )  Brit. 

R.  palustris  (L.)  Besser. 

R.  sessiliflora  (Nutt.)  Greene. 

R.  sylvestris  (L.)  Besser. 

Sisymbrium  altissimum  L.  (*) 

S.  loeselli  L.  (*) 

S.  officinale  (L.)  Scop.  (*) 

Thlaspi  arvense  L.  (*) 

CAPPARIDACEAE 
Polanisia  graveolens  Raf. 

CRASSULACEAE 
Penthorum  sedoides  L. 

Sedum  triphyllum  (Haw.)  S.F.  Gray  (*) 

PARNASSIACEAE 
Parnassia  glauca  Raf. 

SAXIFRAGACEAE 

Heuchera  richardsonii  R.Br. 

Mitella  diphylla  L. 

Saxifraga  pennsylcanica  L. 

GROSSULARIACEAE 
Ribes  americanum  Mill. 

R.  cynosbati  L. 

R.  missouriense  Nutt. 

R.  odoratum  Wendl. 

PLATANACEAE 
Platanus  occidentalis  L. 

ROSACEAE 

Agrimonia  gryposepala  Wallr. 

A.  parviflora  Ait. 

A.  pubescens  Wallr. 

Amelanchier  arborea  (Michx.  f.)  Fern. 
A.  laevis  Wieg. 

A.  spicata  (Lam.)  K.  Koch. 

Crataegus  calpodrenron  (Ehrh.)  Medic. 

C.  mollis  (T.  &  G.)  Scheele. 
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C.  pedicellata  Sarg. 

C.  pruinosa  (Wendl.)  K.  Koch. 

C.  punctata  Jacq. 

C.  succulenta  Schrad. 

Fragaria  americana  (Porter)  Britt. 

F.  virginiana  Duch. 

Geum  canadense  Jacq. 

G.  laciniatum  Murr. 

G.  strictum  Ait. 

G.  triflorum  Pursh. 

G.  vernum  (Raf.)  T.  &  G. 

Malus  ioensis  (Wood)  Britt. 

M.  pumila  Mill.  (*) 

Potentilla  argentea  L.  (*) 

P.  arguta  Pursh. 

P.  monspeliensis  L. 

P.  recta  L.  (*) 

P.  simplex  Michx. 

Physocarpus  opulifolius  (L. )  Maxim. 
Prunus  americana  Marsh. 

P.  lanata  (Sudw.)  Mack.  &  Bush. 

P.  nigra  Ait. 

P.  pennsylvanica  L.  F. 

P.  serotina  Ehrh. 

P.  virginiana  L. 

Rosa  blanda  Ait. 

R.  Carolina  L. 

R.  eglanteria  L.  (*) 

R.  multiflora  Tliunb.  (*) 

R.  palustris  Marsh. 

R.  suffulta  Greene. 

Rubus  allegheniensis  Porter. 

R.  flagellaris  Willd. 

R.  frondosus  Bigel. 

R.  occidentalis  L. 

R.  strigosus  Michx. 

Spiraea  alba  DuRoi. 

LEGUMINOSAE 

Amorpha  canescens  Pursh. 

A.  fruticosa  L. 

Amphicarpa  bracteata  (L.)  Fern. 

A.  comosa  (L.)  G.  Don. 

Apios  americana  Medic. 

Astragalus  canadensis  L. 

Baptisia  leucantha  T.  &  G. 

B.  leucophaea  Nutt. 

Desmodium  canadense  (L.)  DC. 

D.  glutinosum  (Muhl.)  Wood. 

D.  illinoense  A.  Gray. 

Gleditsia  triacanthos  L. 

Glycine  max  (L.)  Merr. 

Gymnocladus  dioica  (L.)  K.  Koch. 
Lathyrus  latifolius  L.  (*) 

L.  palustris  L. 

L.  venosus  Muhl. 

Lespedeza  capitata  Michx. 

L.  liirta  (L.)  Hornem. 

Lotus  corniculatus  L. 

Medicago  lupulina  L.  (*) 

M.  sativa  L.  (*) 

Melilotus  alba  Desr.  (*) 

M.  officinalis  (L.)  Lam.  (*) 


Petalostemum  candidum  (Willd.)  Michx. 
P.  purpureum  (Vent.)  Rydb. 

Robinia  pseudoacacia  L. 

Trifolium  arvense  L.  (*) 

T.  dubium  Sibth.  (*) 

T.  hydridum  L.  (*) 

T.  pratense  L.  (*) 

T.  procumbens  L.  (*) 

T.  repens  L. 

Vicia  americana  Muhl. 

V.  angustifolia  (L. )  Reich. 

V.  sativa  L.  ( *  ) 

V.  villosus  Roth. 

GERANIACEAE 
Geranium  maculatum  L. 

OXALIDACEAE 

Oxalis  cymosa  Small. 

O.  stricta  L. 

O.  violacea  L. 

LINACEAE 

Linum  sulcatum  Riddell. 

BALS  AMIN  ACE  AE 

Impatiens  biflora  Walt. 

I.  pallida  Nutt. 

RUTACEAE 

Ptelea  trifoliata  L. 

Zanthoxylum  americanum  Mill. 

SIMARUBACEAE 

Ailanthus  altissima  (Mill.)  Swingle.  (*) 

POLYGALACEAE 

Polygala  polygama  Walt. 

P.  sanguinea  L. 

P.  senega  L. 

P.  verticillata  L. 

EUPHORBIACEAE 

Acalyplia  rhomboidea  Raf. 

A.  virginica  L. 

Chamaesyce  glyptosperma  (Engelm.) 
Small. 

C.  humistrata  (Engelm.)  Small. 

C.  maculata  (L.)  Small. 

C.  supina  (Raf.)  Moldenke. 

Euphorbia  commutata  Engelm. 

E.  corollata  L. 

E.  cyparissias  L.  (*) 

Poinsettia  dentata  (Michx.)  Small. 

CALLITRICHACEAE 
Callitiiche  autumnalis  L. 

CELASTRACEAE 

Euonymus  atropurpureus  Jacq. 
Celastrus  scandens  L. 

AQUIFOLIACEAE 

Rhus  glabra  L. 

R.  radicans  L. 
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STAPHYLEACEAE 
Staphylea  trifolia  L. 

ACERACEAE 
Acer  negundo  L. 

A.  saccarum  Marsh. 

A.  saccharinum  L. 

RHAMNACEAE 

Ceanotlius  americanus  L. 

Rhamnus  cathartica  L.  (*) 

R.  lanceolata  Pursh. 

VITACEAE 

Parthenocissus  quinquefolia  (L.)  Planch. 
P.  vitacea  (Knerr)  A.S.  Hitchc. 

Vitis  aestivalis  Michx. 

V.  riparia  Michx. 

V.  vulpina  L. 

TILIACEAE 
Tilia  americana  L. 

MALVACEAE 

Abutilon  theophrasti  Medic.  (*) 
Althaea  rosea  (L.)  Cav.  (*) 

Hibiscus  trionum  L.  (*) 

Malva  neglecta  Wallr.  (*) 

M.  rotundifolia  L.  (*) 

HYPERICACEAE 
Hypericum  majus  (Gray)  Britt. 

H.  mutilum  L. 

H.  perforatum  L. 

H.  punctatum  Lam. 

H.  sphaerocarpum  Michx. 

Triadenum  fraseri  (Spach.)  Gleason. 

CISTACEAE 

Helianthemum  bicknellii  Fern. 

H.  canadense  (L. )  Michx. 

Lechea  stricta  Leggett. 

L.  tenuifolia  Michx. 

L.  villosa  Ell. 

VIOLACEAE 

Viola  cucullata  Ait. 

V.  eriocarpa  Schw. 

V.  fimbriatula  Sm. 

V.  nephrophylla  Greene. 

V.  papilionacea  Pursh. 

V.  pedata  L. 

V.  pedatifida  Don. 

V.  pubescens  Ait. 

V.  sagittata  Ait. 

V.  sororia  Willd. 

CUCURBITACEAE 
Echinocystis  lobata  (Michx.)  T.  &  G. 

THYMELEACEAE 
Dirca  palustris  L. 


LYTHRACEAE 
Lytlirum  alatum  Pursh. 

ONAGRACEAE 

Circaea  latifolia  Hill. 

Epilobium  adenocaulon  Haussk. 

E.  coloratum  Muhl. 

Gaura  biennis  L. 

Ludwigia  palustris  (L.)  Ell. 

L.  polycarpa  Short  &  Peter. 

Oenothera  biennis  L. 

0.  cruciata  Nutt. 

0.  nuttallii  Sw. 

O.  rhombipetala  Nutt. 

HALORAGIDACEAE 
Myriophyllum  spicatum  L. 

CORNACEAE 
Cornus  alternifolia  L.f. 

C.  obliqua  Raf. 

C.  racemosa  Lam. 

C.  rugosa  Lam. 

ARALIACEAE 

Aralia  nudicaulis  L. 

Panax  quinquefolius  L. 

UMBELLIFERAE 

Angelica  atropurpurea  L. 

Carum  carvi  L.  (*) 

Chaeropliyllum  procumbens  (L.)  Crantz. 
Cicuta  bulbifera  L. 

C.  maculata  L. 

Cryptotaenia  canadensis  (L.)  DC. 
Daucus  carota  L.  (*) 

Eryngium  yuccifolium  Michx. 

Osmorhiza  claytoni  (Michx.)  Clarke. 

O.  longistylis  (Torr.)  DC. 

Oxypolis  rigidior  (L.)  Raf. 

Pastinaca  sativa  L.  (*) 

Sanicula  canadensis  L. 

S.  gregaria  Bickn. 

S.  marilandica  L. 

Sium  suave  Walt. 

Taenidia  integerrima  (L.)  Drude. 
Thaspium  trifoliatum  (L.)  Britt. 

Zizia  aptera  (A.  Gray)  Fern. 

Z.  aurea  (L.)  Koch. 

ERICACEAE 

Monotropa  uniflora  L. 

Pyrola  elliptica  Nutt. 

PRIMULACEAE 

Androsace  occidentalis  Pursh. 
Dodecatheon  meadia  L. 

Lysimacliia  ciliata  L. 

L.  lanceolata  Walt. 

L.  nummularia  L.  (*) 

L.  quadriflora  Sims. 

L.  terrestris  (L.)  BSP. 

L.  thyrsi  flora  L. 
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OLEACEAE 

Fraxinus  americana  L. 

F.  lanceolata  Borkh. 

F.  pennsylvanica  Marsh. 

GENTIANACEAE 

Gentiana  andrewsii  Griseh. 

G.  crinita  Froel. 

G.  procera  Holm. 

G.  puberula  Michx. 

G.  saponaria  L. 

APOCYNACEAE 

Apocynum  androsaemifolium  L. 

A.  cannabinum  L. 

A.  sibiricum  Jacq. 

Vinca  minor  L.  (*) 

ASCLEPIDACEAE 

Acerates  lanuginosa  Nutt. 

A.  viridiflora  (Raf.)  Eaton. 

Asclepias  amplexicaulis  Sm. 

A.  incarnata  L. 

A.  phytolaccoides  Pursh. 

A.  purpurascens  L. 

A.  snllivantii  Englem. 

A.  syriaca  L. 

A.  tuberosa  L. 

A.  verticillata  L. 

CONVOLVULACEAE 

Convolvulus  americanus  (Sims)  Greene. 
C.  arvensis  L.  (*) 

Cuscuta  cephalanthi  Engelm. 

C.  glomerata  Choisy. 

C.  gronovii  Willd. 

POLEMONIACEAE 

Collomia  linearis  Nutt. 

Phlox  divaricata  L. 

P.  glaberrima  L. 

P.  paniculata  L. 

P.  pilosa  L. 

Polemonium  reptans  L. 

HYDROPHYLLACEAE 
Ellisia  nyctelea  L. 

Hydrophyllum  appendiculatum  Michx. 

H.  virginianum  L. 

BORAGINACEAE 

Cynoglossum  officinale  L.  (*) 

Echium  vulgare  L.  (*) 

Hackelia  virginiana  (L.)  I.M.  Johnst. 
Lappula  echinata  Gilib. 

Lithospermum  angustifolium  Michx. 

L.  arvense  L.  (*) 

L.  canescens  (Michx.)  Lehm. 

L.  croceum  Fern. 

Mertensia  virginica  (L.)  Pers. 
Onosmodinm  hispidissimum  Mack. 


VERBENACEAE 

Phyla  lanceolata  (Michx.)  Greene. 
Verbena  bracteata  Lag.  &  Rodr. 

V.  hastata  L. 

V.  simplex  Lehm. 

V.  stricta  Vent. 

V.  urticifolia  L. 

V.  X  moechina  Moldenke. 

V.  X  rydbergii  Moldenke. 

LABIATAE 

Agastaclie  nepetoides  (L.)  Ktze. 

A.  scrophulariaefolia  (Willd.)  Ktze. 
Blephilia  ciliata  (L.)  Benth. 

B.  hirsuta  (Pursh.)  Benth. 

Galeopsis  tetrahit  L.  (*) 

Glecoma  hederacea  L.  (*) 

G.  heterophylla  Waldst.  &  Kit. 

Hedeoma  hispida  Pursh. 

H.  pulegioides  (L.)  Pers. 

Isanthus  brachiatus  (L.)  BSP. 

Leonurus  cardiaca  L.  (*) 

Lycopus  americanus  Muhl. 

L.  uniflorus  Michx. 

L.  virginicus  L. 

Mentha  canadensis  L. 

M.  piperita  L.  (*) 

M.  spicata  L.  (*) 

Monarda  fistulosa  L. 

Nepeta  cataria  L.  (*) 

Physostegia  speciosa  Sweet. 

P.  virginiana  (L. )  Benth. 

Prunella  vulgaris  L. 

Pycnanthemum  flexuosum  (Walt.)  BSP. 
P.  pilosum  Nutt. 

P.  virginianum  (L.)  Dur.  &  Jacks. 
Scutellaria  epilobiifolia  A.  Hamilt. 

S.  lateriflora  L. 

S.  leonardi  Epling. 

S.  ovata  Hill. 

S.  parvula  Michx. 

Stachys  arenicola  Britt. 

S.  aspera  Michx. 

S.  hispida  Pursh. 

S.  tenuifolia  Willd. 

Teucrium  canadense  L. 

T.  occidentale  A.  Gray. 

SOLANACEAE 
Datura  stramonium  L.  (*) 

Lycium  halimifolium  Mill.  (*) 

Physalis  heterophylla  Nees. 

P.  subglabrata  Mack.  &  Bush. 

P.  virginiana  Mill. 

Solanum  carolinense  L. 

S.  dulcamara  L.  (*) 

S.  nigrum  L. 

S.  rostratum  Dunal. 

SCROPHULARIACEAE 
Chelone  glabra  L. 

Gerardia  tenuifolia  Vahl. 

Linaria  minor  (L.)  Desf.  (*) 


Vascular  Plants  of  Boone  County 


53 


L.  vulgaris  Hill.  (*) 

Lindernia  dubia  (L.)  Pennell. 

Mimulus  ringens  L. 

Pedicularis  canadensis  L. 

P.  lanceolata  Michx. 

Penstemon  calycosus  Small. 

P.  digitalis  Nutt. 

P.  pallidus  Small. 

Scrophularia  lanceolata  Pursli. 

S.  marilandica  L. 

Synthyris  bullii  (Eaton)  Heller. 
Verbascum  blattaria  L.  (*) 

V.  thapsus  L.  (*) 

Veronica  arvensis  L.  (*) 

V.  connata  Raf. 

V.  peregrina  L. 

Veronicastrum  virginicum  (L.)  Farw. 

LENTIBULARIACEAE 
Utricularia  vulgaris  L. 

BIGNONIACEAE 
Catalpa  bignonioides  Walt.  (*) 

ACANTHACEAE 
Ruellia  humilis  Nutt. 

PHRYMACEAE 
Phryma  leptostachya  L. 

PLANTAGINACEAE 
Plantago  aristata  Michx. 

P.  lanceolata  L.  (*) 

P.  major  L.  (*) 

P.  purshii  R.  &  S. 

P.  rugelii  Dene. 

RUBIACEAE 

Cephalanthus  occidentalis  L. 

Galium  aparine  L. 

G.  asprellum  Michx. 

G.  boreale  L. 

G.  concinnum  Michx. 

G.  circaezans  Michx. 

G.  obtusum  Bigel. 

G.  tinctorium  L. 

G.  triflorum  Michx. 

Houstonia  lanceolata  (Poir.)  Britt. 

CAPRIFOLIACEAE 

Lonicera  dioica  L. 

L.  prolifera  (Kirchn.)  Rehd. 

L.  tatarica  L.  (*) 

Sambucus  canadensis  L. 

S.  pubens  Michx. 

Symphoricarpos  occidentalis  Hook. 
Triosteum  aurantiacum  Bickn. 

T.  perfoliatum  L. 

Viburnum  acerifolium  L. 

V.  lentago  L. 

V.  prunifolium  L. 

V.  rafinesquianum  Schultes. 


CAMPANULACEAE 

Campanula  americana  L. 

C.  aparinoides  Pursh. 

C.  intercedens  Witasek. 

C.  rapunculoides  L.  (*) 

C.  uliginosa  Rydb. 

Triodanis  perfoliata  (L.)  Nieuwl. 

LOBELIA  CEAE 

Lobelia  cardinalis  L. 

L.  inflata  L. 

L.  kalmii  L. 

L.  leptostachys  A. DC. 

L.  siphilitica  L. 

L.  spicata  Lam. 

COMPOSITAE 

Achillea  millefolium  L.  (*) 
Actinomeris  alternifolia  (L.)  DC. 
Ambrosia  coronopifolia  T.  &  G. 

A.  elatior  L. 

A.  trifida  L. 

Antennaria  neglecta  Greene. 

A.  neodioica  Greene. 

A.  parlinii  Fern. 

A.  plantaginifolia  (L.)  Hook. 
Anthemis  cotula  L.  (*) 

Arctium  minus  (Hill.)  Bernh.  (*) 
Artemisia  biennis  Willd. 

A.  caudata  Michx. 

A.  dracunculoides  Pursh. 

A.  gnaphalodes  Nutt. 

A.  ludoviciana  Nutt. 

A.  serrata  Nutt. 

Aster  azureus  Lindl. 

A.  cordifolius  L. 

A.  drummondii  Lindl. 

A.  ericoides  L. 

A.  exiguus  (Fern.)  Rydb. 

A.  laevis  L. 

A.  lateriflorus  (L.)  Britt. 

A.  linariifolius  L. 

A.  macrophyllus  L. 

A.  novae-angliae  L. 

A.  oblongifolius  Nntt. 

A.  ontarionis  Wieg. 

A.  paniculatus  Lam. 

A.  pilosus  Willd. 

A.  puniceus  L. 

A.  sagittifolius  Wedem. 

A.  salicifolius  Lain. 

A.  sericeus  Vent. 

A.  shortii  Lindl. 

A.  tradescanti  L. 

A.  umbellatus  Mill. 

Bidens  cernua  L. 

B.  comosa  (A.  Gray)  Wieg. 

B.  connata  Muhl. 

B.  coronata  (L.)  Britt. 

B.  frondosa  L. 

B.  vulgata  Greene. 

Braunaria  pallida  (Nutt.)  Britt. 
Cacalia  atriplicifolia  L. 
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C.  muhlenbergii  (Sch.-Bip.)  Fern. 

C.  suaveolens  L. 

C.  tuberosa  Nutt. 

Centaurea  maculosa  Lam.  (*) 
Chrysanthemum  leucanthemum  L.  (*) 
Cichorium  intybus  L.  (*) 

Cirsium  altissimum  (L.)  Spreng. 

C.  arvense  (L. )  Scop.  (*) 

C.  discolor  (Muhl.)  Spreng. 

C.  vulgare  (Savi)  Aity-Sliaw.  (*) 
Coreopsis  palmata  Nutt. 

C.  tripteris  L. 

Erigeron  annuus  (L.)  Pers. 

E.  canadensis  L. 

E.  philadelphicus  L. 

E.  pulchellus  Michx. 

E.  strigosus  Muhl. 

Eupatorium  altissimum  L. 

E.  maculatum  L. 

E.  perfoliatum  L. 

E.  purpureum  L. 

E.  rugosum  Houtt. 

E.  serotinum  Michx. 

Galinsoga  ciliata  (Raf.)  Blake.  (*) 
Gnaphalium  obtusifolium  L. 

Grindelia  squarrosa  (Pursh.)  Dunal. 
Helenium  autumnale  L. 

Helianthus  annuus  L. 

H.  decapetalus  L. 

H.  divaricatus  L. 

H.  grosseserratus  Martens. 

H.  hirsutus  Raf. 

H.  occidentalis  Riddell. 

H.  petiolaris  Nutt. 

H.  rigidus  (Cass.)  Desf. 

H.  strumosus  L. 

H.  tuberosus  L. 

Heliopsis  lielianthoides  (L.)  Sweet. 
Hieracium  canadense  Michx. 

H.  gronovii  L. 

H.  longipilum  Torr. 

Iva  ciliata  Willd. 

Krigia  biflora  (Walt.)  Blake. 

Kuhnia  eupatorioides  L. 

Lactuca  biennis  (Moench)  Pern. 

L.  canadensis  L. 

L.  floridana  (L.)  Gaertn. 

L.  ludoviciana  (Nutt.)  Riddell. 

L.  scariola  L.  (*) 

L.  villosa  Jacq. 

Liatris  aspera  Michx. 

L.  cylindracea  Michx. 

L.  pycnostachya  Michx. 

L.  spicata  (L. )  Willd. 

Matricaria  matricarioides  (Less.) 
Prenanthes  alba  L. 

P.  aspera  Michx. 

P.  racemosa  Michx. 

Ratibida  pinnata  (Vent.)  Barnh. 
Riulbeckia  hirta  L. 

R.  laciniata  L. 

R.  triloba  L. 

Senecio  aureus  L. 


S.  plattensis  Nutt. 

Silphium  integrifolium  Michx. 

S.  laciniatum  L. 

S.  perfoliatum  L. 

S.  terebinthinaceum  Jacq. 
Solidago  altissima  L. 

S.  gigantea  Ait. 

S.  glaberrima  Martens. 

S.  hirtella  (Greene)  Bush. 

S.  juncea  Ait. 

S.  latifolia  L. 

S.  media  (Greene)  Bush. 

S.  nemoralis  Ait. 

S.  riddellii  Frank. 

S.  rigida  L. 

S.  speciosa  Nutt. 

S.  uliginosa  Nutt. 

S.  ulmifolia  Muhl. 

Sonchus  arvensis  L.  (*) 

S.  asper  (L. )  Hill.  (*) 

S.  oleraceus  L.  (*) 

S.  uliginosus  Bieb.  (*) 
Tanacetum  vulgare  L.  (*) 
Taraxacum  officinale  Weber.  (*) 


Tragopogon  pratensis  L.  (*) 

Vernonia  fasciculata  Michx. 

Xanthium  commune  Britt. 

SUMMARY 

Families  .  109 

Genera  .  399 

Species 

Introduced  .  145 

Native  . 794 


Total  species  . . . 939 
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EXTENT  OF  TEMPERATURE  FLUCTUATIONS  ON 
SUBSTRATES  IN  THE  GREENHOUSE1’ 2 

PAUL  D.  VOTH 

University  of  Chicago ,  Chicago 


Studies  in  mineral  nutrition,  with 
Mar  chant  ia  polymorpha  as  an  ex¬ 
perimental  plant,  are  usually  con¬ 
ducted  with  glass  cloth  (Fiberglas) 
as  the  substrate;  but  quartz  sand, 
vermiculite,  and  soil  are  also  em¬ 
ployed.  The  temperature  character¬ 
istics  of  the  surface  of  these  sub¬ 
stances  when  supporting  a  growth  of 
this  liverwort  have  not  been  investi¬ 
gated  previously.  This  report  con¬ 
tributes  to  the  knowledge  of  tem¬ 
peratures  prevailing  under  the  grow¬ 
ing  tips  of  plants  of  Marchaniia  es¬ 
tablished  in  a  greenhouse  on  four 
types  of  substrates. 

Materials  and  Methods 

With  the  development  of  the  Ab- 
bott-ONR  recorder  (Voth,  unpub¬ 
lished  data),  it  has  become  rela¬ 
tively  easy  to  detect  temperature 
changes  on  and  in  plants  and 
in  a  variety  of  environments  by 
using  a  probe  type  of  thermistor.  A 
change  in  temperature  in  the  tip  of 
this  unit  affects  its  electrical  resist¬ 
ance  and  the  impulse  is  carried  by 
wire  cable  to  an  Esterline- Angus 
milliammeter  where  a  battery-op¬ 
erated,  electronic  circuit  translates 
changes  in  thermistor  resistance  into 
movements  of  a  recording  pen.  A 
spring  drive  propels  not  only  the 

1  This  work  was  supported  in  part  by  a  errant 
from  the  Dr.  Wallace  C.  and  Clara  A.  Abbott 
Memorial  Fund  of  the  University  of  Chicago. 

-  The  development  and  construction  of  the  Abbott- 
()NR  Recorder  used  in  this  research  was  financed 
by  a  grant  from  the  Office  of  Naval  Research  in 
1951  (l’roject  No.  Nonr-339[00J ). 


paper  chart  upon  which  the  inked 
record  is  inscribed  but  also  regulates 
the  recording  from  each  thermistor 
in  sequence.  The  present  model  of 
the  recording  device  employs  five 
thermistors  and  a  reference  record¬ 
ing  which  serves  as  a  standard,  en¬ 
abling  thermistor  recordings  to  be 
converted  into  values  corresponding 
to  the  scale  of  a  centigrade  ther¬ 
mometer.  For  a  specified  station  the 
resistance  values  are  recorded  for  10 
minutes  by  the  pen  in  the  milliam¬ 
meter,  followed  by  recordings  of  the 
other  stations  for  the  remainder  of 
the  hour.  A  rapid  cycle  of  one  min¬ 
ute  is  also  possible,  each  thermistor 
recording  for  only  10  seconds. 

Plants  in  their  respective  contain¬ 
ers  were  placed  a  few  inches  apart 
near  the  edge  of  a  greenhouse  table 
at  a  height  of  30  inches  from  the 
floor  (fig.  1).  With  the  exception 
of  number  3,  the  sensitive  bead  of 
each  thermistor  was  placed  under 
one  of  the  terminal  lobes  of  a  plant 
of  Marchantia.  Only  station  2  sup¬ 
ported  several  plants;  all  others  pos¬ 
sessed  a  single  several-lobed  plant 
which  was  established  a  few  days  be¬ 
fore  the  experiment  was  begun. 

The  five  thermistors  were  located 
as  follows  (fig.  1)  : 

1.  On  loam  soil  in  a  glazed  pot 
with  side  drain,  3U>  inches  in 
diameter,  8  inches  deep. 

2.  On  vermiculite  in  a  red  bulb 
pan,  8  inches  in  diameter,  5 
inches  deep. 
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Pig.  1. — At  left,  four  culture  units  on  which  plants  of  Marchantia  are  estab¬ 
lished.  Four  probe  thermistors,  located  under  plants  or  in  air,  are  connected  by 
cable  to  Abbott-ONR  recorder  at  right,  Hygrothermograph  with  housing  is  in 
middle  rear. 

3.  In  air,  attached  to  the  north 
side  of  the  next  station,  about 
5  inches  above  the  table  top. 

4.  On  quartz  sand  in  a  glazed  pot, 
as  in  No.  1. 

5.  On  glass  cloth  (Fiberglas)  in 
an  open  moist  chamber,  9%  in¬ 
ches  in  diameter,  3  inches  deep 
(1).  A  dilute  nutrient  solu¬ 
tion  was  supplied  to  this  plant 
only  at  the  beginning  of  the  ex¬ 
periment.  About  150  ml.  of 
liquid  was  maintained  through¬ 
out  this  trial. 

Plants  were  watered  with  tap 
water  at  irregular  intervals  and  the 
floor  of  the  greenhouse  was  sprinkled 
with  a  hose  at  approximately  8  :30 
A.M.  and  4  :00  P.M.  every  day.  Re¬ 
cordings  were  secured  from  Febru¬ 


ary  4  to  16,  1954,  but  detailed  data 
are  presented  only  for  a  31-hour  pe¬ 
riod,  February  14  to  16. 


Results 

The  period  considered  in  detail 
was  characterized  by  mild  weather. 
Maximum  and  minimum  tempera¬ 
tures  on  February  15  were  identical 
at  Loop  and  University  stations  of 
the  Weather  Bureau  in  Chicago — 
68°  and  39°  F.  (20.0°  and  3.9°  C.), 
respectively  (Weather  Bureau,  Feb., 
1954).  This  is  the  greatest  daily 
range  recorded  at  these  two  stations 
during  the  first  half  of  February. 
Prevailing  winds  were  south-south¬ 
west  for  the  first  18  hours  and  north- 
northeast  thereafter.  Velocities  aver¬ 
aged  slightly  more  than  17  miles  per 
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hour,  with  a  high  of  24  and  lows  of 
about  15  m.p.h.  Rain  fell  for  about 
13  hours  on  February  15-16,  in  the 
only  thunderstorm  of  the  month. 
Relative  humidities  were  high. 

Greenhouse  temperatures  ranged 
from  77.0°  to  61.0°  F.  (25°  to  16°  C.) 
on  February  15;  relative  humidities 
ranged  from  94  to  72%.  Steam  heat 
was  available  when  outside  tempera¬ 
tures  fell  below  about  45°  F.  In  con¬ 
trast  to  the  large  range  in  outside 
temperatures  the  greenhouse  tem¬ 
peratures  on  this  day  remained  in  a 
restricted  range.  On  other  days  of 
this  experiment  fluctuations  in  tem¬ 
perature  and  humidity  in  the  green¬ 
house  were  much  greater  than  on 
February  15. 

Graph  paper  with  five  squares  to 
the  inch  was  employed  to  plot  tem¬ 
perature  values.  An  interval  on  the 
ordinate  is  a  tenth  of  a  degree  centi¬ 
grade;  on  the  abscissa  it  is  a  10- 
minute  recording.  A  steady  tem¬ 
perature  for  the  10-minute  interval 
is  indicated  by  a  short  horizontal 
bar;  a  rising  or  declining  tempera¬ 
ture  by  a  heavy  sloping  line,  indicat¬ 
ing  the  maximum  and  minimum  tem¬ 
peratures  of  this  time  interval.  The 
direction  of  the  slope  distinguishes 
increasing  from  decreasing  tempera¬ 
tures.  By  connecting  the  tempera¬ 
ture  values  for  each  station  with 
broken  or  solid  lines  on  the  graph, 
thermal  conditions  under  the  four 
plants  and  in  the  atmosphere  of  the 
greenhouse  are  readily  visualized. 
Figure  2  shows  that  the  ambient  tem¬ 
perature  of  the  greenhouse  late  at 
night  often  is  one  to  two  degrees 
higher  than  that  recorded  under 
plants  of  Marchantia.  Temperatures 
are  decreasingly  lower  on  soil, 
quartz  sand,  glass  cloth,  and  vermic- 


F:g.  2.  —  Temperatures,  shown  by 
heavy  bars,  as  interpreted  from  record¬ 
ings  seemed  at  five  stations  in  the  green¬ 
house  from  11  P.M.  Feb.  14  to  6  A.M. 
Feb.  15,  1954. 

ulite.  Supplying  cold  tap  water  to 
the  plants  resulted  in  temperature 
declines  in  all  cultures  except  in  the 
glass  cloth  unit,  indicating  that  the 
solution  in  the  glass  moist  chamber 
had  a  temperature  lower  than  the 
tap  water.  After  watering,  tem¬ 
peratures  rose  or  remained  essen¬ 
tially  constant  in  all  culture  units 
except  in  the  glass  dish  where  a 
slight  decline  occurred  during  the 
night. 

In  the  early  hours  of  morning  (fig. 
3),  sharp  rises  in  temperature  oc¬ 
curred  in  the  greenhouse  and  were 
correlated  with  sunshine  of  inter¬ 
mediate  intensity.  Room  tempera¬ 
tures  fluctuated  moderately  and  rose 
above  the  values  recorded  beneath 
plants  of  Marchantia.  Again,  tem¬ 
peratures  on  the  substrates  followed 
the  pattern  observed  at  night  with 
successively  lower  values  on  soil, 
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Figs.  3-6. — Temperature  readings  from  five  stations  shown  for  6-hour  periods 
from  6  A.M.  Feb.  15  to  6  A.M.  Feb.  16,  1954. 
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quartz  sand,  glass  cloth,  and  vermic- 
ulite. 

A  brief  period  of  dense  cloudiness, 
possibly  abetted  by  an  open  venti¬ 
lator,  depressed  temperatures  in  the 
early  afternoon,  followed  by  a  rising- 
trend  for  a  few  hours  (fig.  4) .  Green¬ 
house  floors  were  watered  at  4 :00 
P.M.  and  rain  began  to  fall  an  hour 
later.  Closing  of  the  ventilators, 
steam  heating  in  the  adjoining  room, 
and  drier  floors  account  for  the 
warming  at  the  end  of  this  period. 
In  general,  the  temperature  relations 
observed  earlier  were  evident  during 
the  afternoon  also. 

With  darkness  and  continuing 
rain,  all  temperatures  declined  pre¬ 
cipitously  (fig.  5).  Even  though  no 
recordings  are  available  for  two 
hours  near  midnight,  the  pattern  is 
unmistakable.  As  before,  soil  tends  to 
be  warmer  and  vermiculite  colder 
than  other  substrates.  Rain,  colder 
weather,  and  darkness  contributed 
to  equalize  temperatures  so  that  dur¬ 
ing  several  30-minute  periods,  ther¬ 
mal  differences  among  all  four  sub¬ 
strates  were  as  small  as  0.1°  centi¬ 
grade. 

On  February  16,  greenhouse  tem¬ 
peratures  rose  slightly  in  the  early 
morning  hours  (fig.  6).  The  rain 
which  fell  for  approximately  13 
hours  ceased  at  5  :50  A.M.  The  tem¬ 
perature  of  the  plant  on  sand  was 
higher  than  that  of  any  other  sub¬ 
strate,  probably  because  of  the  dry¬ 
ing  effect  of  steam  heat  and  the  small 
amount  of  water  which  adheres  to 
sand  grains  in  the  top  of  the  culture. 
Under  the  environmental  conditions 
of  this  period  the  liquid  culture  with 
glass  cloth  and  the  surface  of  the  soil 
unit  recorded  almost  identical  tem¬ 
peratures.  Vermiculite  again  pos¬ 


sessed  the  lowest  surface  tempera¬ 
tures. 

Inspection  of  the  charts  inscribed 
by  the  Abbott-ONR  recorder  in  the 
early  days  of  the  experiment  reveals 
that  temperatures  on  the  various 
substrates  followed  patterns  similar 
to  those  reported  here.  Owing  to 
greater  thermal  ranges  between  the 
various  substrates  and  from  hour  to 
hour,  the  construction  of  graphs  for 
these  days  is  more  difficult. 

Discussion 

In  the  experiment  no  effort  was 
made  to  correlate  the  rates  of  growth 
of  Marchantia  to  the  type  of  sub¬ 
strate  employed  nor  with  the  tem¬ 
peratures  encountered.  Availability 
of  nutrients,  aeration,  longer  time  re¬ 
quired  for  transplants  to  become  es¬ 
tablished  on  soil,  and  other  factors 
are  likely  to  exert  a  cumulative  effect 
on  cultures  of  this  liverwort  which 
exceeds  that  of  surface  tempera¬ 
tures.  For  this  reason  areas  were 
not  determined  nor  dry  weights 
measured. 

The  value  of  this  research  should 
be  judged  from  two  viewpoints. 
First,  surfaces  of  various  substrates 
with  scant  vegetational  cover  have 
their  own  thermal  characteristics. 
Second,  the  magnitude  of  tempera¬ 
ture  differences  as  one  of  the  vari¬ 
ables  in  controlled  experiments  can 
be  evaluated  if  interval  recordings 
(or  continuous  recordings)  are  made 
while  the  other  data  are  being  ac¬ 
cumulated.  For  plants  with  deep 
root  systems,  thermistors  should  be 
placed  not  only  at  the  surface  of  the 
substrate  but  also  deep  in  the  con¬ 
tainer.  It  is  well  known  that  poros¬ 
ity  of  substrate,  color  and  surface 
characteristics  of  containers,  and 
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other  factors  affect  the  internal  tem¬ 
peratures  of  plant  cultures.  In  the 
present  experiment  it  was  not  possi¬ 
ble  to  secure  such  readings  owing  to 
the  small  number  of  thermistors 
available.  An  improved  model  of 
the  recorder  is  planned  in  which  25 
thermistors  or  other  resistance  de¬ 
vices  are  employed  in  a  single  cycle. 

High  humidities  and  moderate  tem¬ 
peratures  permitted  Marchantia  to 
grow  well  on  quartz  sand.  Prelimi¬ 
nary  experients  conducted  several 
years  ago  (Voth  and  Hamner,  1940) 
demonstrated  that  high  temperatures 
and  low  humidities  prevented  this 
liverwort  from  thriving  on  sand. 
Plants  with  extensive  root  systems, 
less  affected  b}^  surface  drying  of 
sand  cultures  than  are  bryophytes 
with  only  rhizoid  systems,  are  likely 
to  thrive  in  quartz  sand  with  proper 
nutrient  supplements.  This  sub¬ 
strate  has  obvious  advantages  when 
strict  quality  control  of  the  solution 
is  required.  As  demonstrated  in  the 
present  investigation,  moderate  ther¬ 
mal  fluctuations  and  a  tendency  for 
surface  temperatures  to  rise  follow¬ 
ing  the  application  of  solutions  fa¬ 
vor  the  use  of  quartz  sand  in  nutri¬ 
ent  cultures. 

Glass  cloth  as  a  substrate  for  li¬ 
quid  cultures  is  more  adapted  to 
plants  which  can  withstand  lowered 
temperatures  at  night  and  which 
have  a  horizontal  habit  of  growth. 
Marchantia  grows  well  on  this  medi¬ 
um.  The  present  experiment  fur¬ 
nishes  data  only  for  greenhouse  tem¬ 
peratures  during  periods  of  the  year 
when  growth  of  plants  is  favored  by 
moderate  variations  of  the  environ¬ 
ment.  In  early  summer  and  at  other 
times  when  excessively  high  tempera¬ 
tures  are  common,  liverworts  estab¬ 


lished  on  glass  cloth  have  been  ob¬ 
served  to  become  necrotic  margin¬ 
ally.  Readings  must  be  taken  with 
this  recorder  for  periods  of  tempera¬ 
ture  extremes  before  the  thermal 
characteristics  of  such  cultures  can 
be  fully  evaluated. 

Soil  is  a  very  useful  substrate  in 
many  greenhouse  experiments,  es¬ 
pecially  when  an  exact  determina¬ 
tion  of  ion  supply  is  not  at  issue. 
Temperatures  of  loam  soil  favor 
near-optimum  growth  of  many  plants 
commonly  cultivated  under  glass. 
Some  plants,  when  grown  on  rich 
native  soils,  exhibit  rates  of  growth, 
accumulate  dry  matter,  and  display 
a  vigor  which  are  difficult  or  seem¬ 
ingly  impossible  to  attain  on  other 
substrates.  This  observation  does 
not  apply  to  Marchantia  polymorpha 
which  grows  slowly  on  loam  soils  in 
greenhouse  culture,  but  rapidly  on 
glass  cloth  and  vermiculite,  provided 
adequate  inorganic  nutrients  are 
supplied. 

Vermiculite  may  not  be  as  useful 
a  substrate  for  the  rooting  of  cut¬ 
tings  and  the  establishment  of  seed¬ 
lings  as  is  commonly  thought,  owing 
to  a  tendency  to  rapid  cooling  and 
maintenance  of  lowered  tempera¬ 
tures  following  the  addition  of  cold 
liquids.  Adjustment  of  periods  of 
watering  to  the  warmer  times  of  the 
day  and  the  use  of  tepid  solutions  in 
replenishing  the  supply  of  liquids  is 
an  obvious  precaution  when  plants 
which  are  sensitive  to  cold  are  grown 
on  vermiculite  in  winter.  On  the 
other  hand,  many  bryophytes  appear 
to  thrive  in  a  cool  environment  and 
probably  would  benefit  by  the  lower 
temperatures  which  characterize  the 
surface  of  a  vermiculite  culture. 

More  than  60  clones  of  Marchantia 
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polymorpha  are  currently  stocked  in 
the  greenhouses  of  the  University  of 
Chicago.  Isolates  are  perpetuated 
vegetatively  by  planting  a  portion 
of  each  culture  on  vermiculite  con¬ 
tained  in  a  bulb  pan,  as  used  in  the 
present  experiment  (fig.  1).  These 
plants  have  survived  summer  and 
winter  temperatures  successfully.  In 
May,  the  roof  panes  of  the  green¬ 
house  are  sprayed  with  a  lime  mix¬ 
ture  which  reduces  light  intensity  by 
more  than  half.  A  cheesecloth  cover 
provides  additional  shade  so  that  the 
visible  radiation  reaching  the  plants 
is  less  than  25  percent  of  the  light 
in  untreated  rooms.  Control  of  nu¬ 
trients  is  also  essential  in  planning 
cultures  for  the  summer.  Vermic¬ 
ulite  is  well  adapted  to  such  control. 
Details  of  these  methods  will  be  re¬ 
ported  elsewhere. 

When  additional  thermistors  are 
available  on  improved  models  of  the 
Abbott-ONR  recorder,  comparisons 
will  be  possible  between  tempera¬ 
tures  encountered  on  the  surface  and 
within  substrates  such  as  quartz  sand 
and  vermiculite.  The  total  volume 
of  substrate  as  well  as  the  shape,  sub¬ 
stance,  and  color  of  the  container 
must  also  be  tested  for  thermal  char¬ 
acteristics  which  could  well  affect  the 
rate  of  growth  of  plants.  It  is  to  be 
expected  that  vermiculite  in  a  porous 
clay  pot  will  exhibit  temperature 
curves  somewhat  different  from  those 
found  in  and  on  the  same  substance 
in  a  glazed,  coated,  or  painted  pot  of 
similar  design. 


Summary 

Probe  thermistors  were  placed  un¬ 
der  the  advancing  lobes  of  plants  of 
Marchantia,  growing  on  four  sub¬ 
strates  in  a  greenhouse.  Tempera¬ 
ture  readings  in  the  form  of  resist¬ 
ance  values  were  made  with  the 
Abbott-ONR  recorder. 

When  outside  temperatures  in 
February  were  moderate,  surface 
temperatures  of  substrates  covered 
with  this  liverwort  fell  into  a  de¬ 
creasing  series :  soil,  quartz  sand, 
glass  cloth,  and  vermiculite. 

Except  for  periods  of  intense  in¬ 
solation,  substrate  temperatures  were 
lower  than  the  temperature  of  the 
surrounding  air.  Plants  growing  on 
soil  may  have  temperatures  higher 
than  that  of  air.  Surface  tempera¬ 
tures  on  quartz  sand  and  glass  cloth 
also  may  exceed  air  temperatures  for 
brief  periods.  Temperatures  under 
a  liverwort  growing  on  moist  vermic¬ 
ulite  apparently  did  not  exceed 
ambient  temperatures  in  the  green¬ 
house. 

It  is  suggested  that  temperature 
tolerances  of  seedlings,  cuttings,  and 
cultures  of  many  lower  green  plants 
be  taken  into  consideration  when 
greenhouse  substrates  are  selected 
for  experimental  or  propagating  use. 
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Plants  are  more  sensitive  to  cli¬ 
mate  than  are  animals  because  plants 
cannot  seek  shelter.  Plantsmen  have 
studied  and  classified  many  crop 
plants  according  to  the  climate  re¬ 
quired  for  their  best  growth.  So  far 
as  temperature  is  concerned,  plants 
fall  into  two  general  groups,  cool- 
season  crops  and  warm-season  crops. 
Cool-season  crops  need  at  least  40°F. 
temperature  for  growth  and  often 
are  adversely  affected  if  the  average 
daily  temperature  goes  above  70CF. 
for  many  days.  These  plants  are  not 
seriously  hurt  by  frost  but  are  often 
injured  at  temperatures  below  28°F. 
Warm-season  crops  need  at  least 
56 °F.  temperature  for  much  growth, 
and  thrive  during  the  warm  weather. 
A  map  and  study  of  average  Illinois 
temperatures  in  terms  of  economic 
plant  requirement  classifications  now 
seems  practical. 

A  plant  adaptation  picture  for 
various  areas  of  Illinois  from  records 
now  available, #  is  given  on  table  1 
and  figure  1,  which  show  the  periods 
of  cool  and  warm  temperatures  and 
dates  of  the  periods.  The  towns 
where  the  records  were  taken  are 
shown  as  the  center  of  the  circle  il¬ 
lustrating  the  weather  data  (fig.  1). 
Equinoxial  days,  March  21  and  Sep¬ 
tember  21,  are  located  on  the  same 
horizontal  line  as  the  circle  center. 
The  shortest  and  longest  days,  De¬ 
cember  21  and  June  21,  are  located 
on  the  same  perpendicular  line  as 

the  circle  center.  The  shortest  dav 

«/ 


is  then  automatically  at  the  top  and 
the  longest  day  is  at  the  bottom. 

The  spring  cool  season  (40°-70°) 
at  any  station  has  longer  days  than 
the  fall  cool  season.  The  length  of 
day  in  Illinois  is  greater  for  the  cool- 
season  plants  with  progression  north¬ 
ward  because  this  temperature  peri¬ 
od  is  pushed  more  toward  the  sum¬ 
mer  time.  Summer  days  lengthen 
with  progression  northward. 

If  a  28 °F.  average  minimum  tem¬ 
perature  is  classed  as  winter  weather, 
northwestern  Illinois  has  about  4 
months  of  winter,  Peoria  3%  months, 
St.  Louis  2  months,  and  Cairo  none. 
The  northern  tier  of  counties  cannot 
expect  over  two  months  (60  days)  of 
average  summer  temperatures  above 
70 °F.,  whereas  St.  Louis  expects  109 
and  Cairo  114  days.  Sweet-corn  and 
pea  canneries  are  established  busi¬ 
nesses  in  northern  Illinois  while  cot¬ 
ton,  peaches,  and  sweet  potatoes  are 
commercial  crops  of  importance 
around  Cairo. 

Climate  does  not  seem  to  affect 
animals  so  much  as  plants.  How¬ 
ever  for  some  reason,  Holstein  and 
Angus  cattle  seem  to  predominate 
in  northern  Illinois,  while  Jersey, 
Guernsey,  and  Hereford  cattle  seem 
to  predominate  in  extreme  southern 
Illinois. 

It  is  hoped  that  the  accompanying 
table  will  enable  us  to  make  even 
more  efficient  use  of  the  weather  in 
Illinois  than  we  do  now.  The  data 
presented  here  are  averages,  and  a 
protective  planting  margin  of  a  few 
davs  is  desirable  as  insurance. 


*  University  of  Illinois  Agricultural  Experiment 
Station  Bulletin  532. 
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Table  1. — Summary  of  Average  Temperatures  Showing  Cool  Season  Periods  and  Warm  Season  Periods 


Illinois  Temperature 
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Fig.  1. — Tempograph. 
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EFFECT  OF  SOME  COMPOUNDS  AND  BIOLOGICAL 
PRODUCTS  UPON  INFECTION  BY 
TOBACCO  MOSAIC  VIRUS* 

J.  L.  DALE  and  H.  H.  THORNBERRY 
University  of  Illinois,  Urbana 


The  following  work  was  under¬ 
taken  to  gain  further  information 
concerning  the  mechanism  of  plant 
infection  when  manually  inoculated 
with  virus.  In  such  infections  it  is 
generally  assumed  that  a  mild  injury 
and  subsequent  healing  of  the  host 
cells  is  necessary  for  the  entrance  of 
the  virus  and  establishment  of  infec¬ 
tion.  It  is  also  generally  considered 
that  plant  viruses  function  only 
within  or  upon  the  protoplasm  of 
living  susceptible  cells.  By  the  use 
of  a  test  plant  on  which  a  virus 
causes  conspicuous,  necrotic,  local¬ 
ized  lesions  at  the  loci  of  infection, 
it  is  possible  to  measure  the  relative 
infectivity  of  virus  samples.  By  in¬ 
oculating  opposite  halves  of  the  same 
leaf  with  a  treated  and  control  in¬ 
oculum,  the  relative  infectivity  of 
the  treated  virus  solution  can  be  de¬ 
termined.  This  is  known  as  the  half- 
leaf  method  and  was  used  in  this 
work. 

Review  of  Literature 

A  specific  review  of  the  literature 
for  this  paper  seems  inappropriate. 
The  paper  is  primarily  intended  to 
report  the  results  obtained  from  a 
screening  of  various  substances  for 
their  effect  upon  infection.  A  general 
review  of  some  of  the  aspects  of  in¬ 
fection  and  inhibition  of  infection  is 
available  in  Chapter  13  of  Bawden’s 

*  These  studies  were  aided  by  a  contract  between 
the  Office  of  Naval  Research,  Department  of  the 
Navy,  and  the  University  of  Illinois,  NR  131-193. 


‘ 1  Plant  Viruses  and  Virus  Diseases,  ’  ’ 
3rd  ed.  (1). 

Materials  and  Methods 

A  tobacco  mosaic  virus  solution, 
partially  purified  by  ultra-centrifu¬ 
gation,  was  used  throughout  the  ex¬ 
perimentation.  The  test  plants  used 
were  Phaseolus  vulgaris  var.  Scotia, 
grown  in  sterilized  soil  and  pots. 
When  approximately  14  days  old 
they  were  pinched  back  to  the  pri¬ 
mary  leaves,  which  were  then  inocu¬ 
lated.  The  materials,  indicated  in 
table  1,  were  tested  for  their  effect 
upon  infectivity  by  mixing  them 
with  the  virus  inoculum.  They  had 
a  0.1  percent  final  concentration,  ex¬ 
cept  for  the  amino  acids,  which  had 
a  0.05  M  final  concentration.  Hy¬ 
drogen-ion  concentrations  in  the 
aqueous  inoculum  were  maintained 
at  4.5,  6.0,  and  8.5  with  0.1  M  phos¬ 
phate  buffer.  One  gram  of  abrasive, 
800-mesh  carborundum  powder,  was 
added  to  each  10  ml.  of  inoculum. 
Inoculations  were  made  by  swabbing 
the  virus  solutions  onto  the  upper 
surfaces  of  the  leaves  with  sterile 
cheese-cloth  pads  of  approximately 
identical  size.  Each  solution  at  each 
pH  was  tested  upon  five  leaves. 
Immediately  after  inoculation  the 
leaves  were  rinsed  with  tap  water  to 
remove  any  excess  buffer  or  test,  sub¬ 
stance  which  might  have  injured  the 
leaf  tissues  if  allowed  to  remain  on 
the  leaves. 


[  65  ] 
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The  results  are  expressed  as  an  in¬ 
fection  index,  derived  as  follows : 

Number  of  local 
lesions  on  treated 
half -leaves 

Infection  inclex= - 

Number  of  local 
lesions  on  control 
half -leaves 

An  index  of  1.0  denotes  that  a 
treatment  had  no  effect  upon  infec¬ 
tion  ;  an  index  of  0.5  shows  a  50  per¬ 
cent  decrease  in  infection ;  and  an 
index  of  1.5  shows  a  50  percent  in¬ 
crease  in  infection.  Since  the  method 
of  assaying  virus  infectivity  has  an 
inherent  variability  of  approximate¬ 
ly  20  percent,  differences  greater  or 
less  than  50  percent  were  arbitrarily 
assumed  as  influencing  infection. 

Results 

The  results  of  the  treatments 
(table  1)  have  been  classified  into 
three  categories : 

A.  Increased  infection,  infection 
index  of  1.5  or  more.  Dyes 
— acridine  red  and  methyl 
green. 

Proteins  and  protein  deriva¬ 
tives — glue. 

Amino  acids — glycine,  1-histi¬ 
dine,  lysine,  d-l-methionine, 
and  d-l-tryptophan. 

Nucleic-acid  derivatives — 
adenosine,  adenosine  di¬ 
phosphate,  cytidine,  cyto¬ 
sine,  2  thio  cytosine,  prota¬ 
mine  nueleinate,  d-ribose, 
uracil,  5  amino  uracil,  and 
6  methyl  uracil. 

PI  ant -growth  substances — 
naphthalene  acetic  acid. 

Polypeptides — glycyl  glycine, 
glycyl  glycyl  glycine,  glycyl 
.1  tryptophan. 


Miscellaneous  —  glycerophos¬ 
phate,  sodium  formate,  and 
sorbitol. 

Enzymes — catalase. 

B.  Decreased  infection,  infection 

index  of  0.5  or  less. 

Dyes — acridine  yellow,  fluo¬ 
rescein,  basic  fuchsin,  io¬ 
dine  green,  malachite  green, 
methyl  blue,  methyl  green, 
orange  II,  thionin,  toluidine 
blue  O,  trypan  blue,  and 
vita  stain. 

Proteins  and  protein  deriva¬ 
tives — beef  blood  serum, 
beef  extract,  dried  blood, 
casein,  edestin,  lactalbumin, 
malt  extract,  skim  milk, 
thiotone,  and  yeast  extract. 

Amino  acids — arginine,  as¬ 
paragine,  d-glutamic  acid, 
1 -histidine,  and  lysine. 

Nucleic -acid  derivatives — 
adenosine  triphosphate,  ade¬ 
nylic  acid,  cytidylic  acid, 
desoxyribonucleic  acid,  2,6 
diamino  purine  sulfate, 
guanylic  acid,  sodium  nu- 
cleinate,  2,4  dichloro  6 
methyl  pyrimidine,  diazou¬ 
racil,  thiouracil,  and  hy- 
poxanthine. 

Plant-growth  substances — in¬ 
dole  3  acetic  acid. 

Miscellaneous — glycollic  acid, 
orcinol,  soybean  trypsin  in¬ 
hibitor,  tannic  acid,  and 
thioglycollate. 

Enzymes — alpha  amylase, 
beta  amylase,  cozymase, 
beta  glucoronidase,  hemi- 
cellulase,  hyaluronidase, 
lactase,  lysozyme,  pectinase, 
rennin,  lipase,  crystalline 
trypsin,  powdered  trypsin, 
and  urease. 
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C.  No  response,  infection  in¬ 
dex  of  0.51  to  1.49. 

Dyes — acid  fuclisin,  orcein, 
pyronin  B,  pyronin  2-G, 
quinoline  yellow,  and  Sudan 
IV. 

Proteins  and  protein  deriva¬ 
tives — egg  albumin,  gelatin, 
gelysate,  lactalysate,  myo- 
sate,  phytone,  polypeptone, 
and  trypticase. 

Amino  acids — 1-threonine. 

Nucleic -acid  derivatives — d 
1  alanyl  d  1  alanine,  ade¬ 
nine,  adenosine,  isocytosine, 
guanine,  guanosine,  2  am¬ 
ino  4  methyl  pyrimidine, 
2,4  dichloropyrimidine,  2,6 
dichloropyrimidine,  thy¬ 
mine,  5  methyl  thiouracil, 
6  methyl  thiouracil,  uri¬ 
dine,  uridylic  acid,  xan¬ 
thine,  and  xanthosine. 

Plant-growth  substances — in¬ 
dole  butyric  acid  and  3  in¬ 
dole  propionic  acid. 

Polypeptides  —  alanyl  glycyl 
glycine,  d  1  leucyl  glycine, 
d  1  leucyl  glycyl  glycyl  gly- 
ine,  and  glycyl  tyrosine. 

Miscellaneous — cocoa,  glucose 
1  phosphate,  glucose  6  phos¬ 
phate,  glucosamine  HC1, 
glutathione,  Mn  glycero¬ 
phosphate,  hexose  diphos¬ 
phate,  inulin,  melizitose, 
phlorogiucin,  phytol,  res¬ 
orcin  and  salicin. 

E  n  zy  m  e  s — d  i  a  s  t  ase . 

Discussion 

From  the  dyes  tested,  there  was  no 
evidence  of  a  correlation  of  their  ef¬ 
fect  on  infection  with  their  chemical 
structure  as  given  by  Conn  (4). 
However,  the  basic  dyes  decreased 


infection  to  a  greater  extent  in  alka¬ 
line  solutions  than  in  acid  solutions. 
There  was  no  noticeable  injury  to  the 
assay  plant  from  the  dyes,  except 
with  methylene  blue  and  phloxine  B, 
which  caused  severe  injury  at  the 
strength  used.  The  reduction  of  in¬ 
fection  from  malachite  green  may 
have  resulted  from  retarded  virus 
multiplication  and  not  from  any  ef¬ 
fect  on  infection,  as  it  has  been  re¬ 
ported  that  this  dye  inhibits  the  mul¬ 
tiplication  of  the  virus  in  tobacco 
tissues  (9). 

Among  the  proteins  and  protein 
derivatives,  the  responses  varied. 
However,  three  materials,  casein, 
skim  milk,  and  yeast  extract,  reduced 
infection  appreciably.  Milk  and  an 
extract  from  baker’s  yeast  (8)  have 
previously  been  reported  to  inhibit 
infection  of  tobacco  tissues  by  to- 
bacco  mosaic  virus  (6,  7). 

The  polypeptides,  amino  acids, 
plant-growth  substances,  and  sub¬ 
stances  classified  as  miscellaneous 
were  generally  without  marked  in¬ 
fluence  on  infection.  However,  tan¬ 
nic  acid,  a  protein  precipitant, 
greatly  reduced  infection  at  all  pH 
values  tested.  This  confirms  a  pre¬ 
vious  report  that  this  substance  in¬ 
hibits  infection  (10). 

Of  the  nucleic-acid  derivatives 
tested,  thiouracil  was  most  effective 
in  reducing  infection,  whereas  sub¬ 
stituted  thiouracils  did  not  influence 
infection  materially.  This  reduction 
by  thiouracil  may  have  resulted  from 
the  inhibition  of  virus  multiplication 
in  the  tissues  after  infection,  as  thi¬ 
ouracil  has  been  shown  to  inhibit  the 
multiplication  of  tobacco  mosaic  vi¬ 
rus  in  tobacco  tissues  (2,  3).  If  such 
a  mechanism  were  operative  in  this 
experimentation,  it  must  have  re- 
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suited  from  that  amount  of  thioura- 
cil  introduced  into  the  plant  tissues 
during  inoculation,  as  excess  thioura¬ 
cil  and  inoculum  were  rinsed  from 
the  leaves  immediately  following  in¬ 
oculation.  Although  there  appears 
to  be  a  limited  uptake  of  thiouracil 
for  the  test  plant  as  a  whole,  the  con¬ 
centration  in  those  cells  injured  for 
virus  entrance  may  have  been  suffi¬ 
cient  to  inhibit  virus  multiplication. 
It  has  been  reported  that  injury  to 
plant  foliage  by  carborundum  pow¬ 
der  increases  the  uptake  of  spray- 
applied  iron  solution  in  sufficient 
amounts  to  correct  iron  deficiency  in 
the  coffee  plant  (5). 

Of  the  four  organic  bases  normally 
present  in  the  ribose  nucleic  acid 
portion  of  the  virus,  uracil  gave  an 
infection  index  of  1.75  at  pH  4.5, 
cytosine  an  index  of  1.53  at  pH  8.5. 
These  increases  may  relate  to  the 
multiplication  of  the  virus  after  vi¬ 
rus  establishment  in  the  cells. 

All  the  enzymes  tested,  except 
catalase  and  diastase,  greatly  re¬ 
duced  infection.  The  marked  re¬ 
sponse  from  lipase  and  trypsin  sug¬ 
gests  that  enzymatic  action  from 
these  substances  may  have  inter¬ 
fered  with  the  formation  of  a  pre¬ 
sumable  surface  film  or  protective 
membrane  over  the  wounded  cells 
which  may  be  essential  for  infection. 


As  many  of  the  enzymes  were  active 
against  infection,  it  is  difficult  to  be¬ 
lieve  that  the  specific  enzymatic  ac¬ 
tion  of  each  enzyme  is  involved.  It 
would  appear  that  some  common 
property  of  enzyme  protein  is  influ¬ 
encing  infection.  As  enzymes  are 
thought  to  conform  to  the  surface  of 
their  substrates  for  enzyme-substrate 
combination  and  subsequent  reac¬ 
tion,  perhaps  the  property  of  plastic¬ 
ity  of  these  enzyme  proteins  is  the 
characteristic  by  which  virus  infec¬ 
tion  is  inhibited.  If  the  enzyme  pro¬ 
teins  could  form  a  film  over  the  sur¬ 
face  of  injured  cells  before  virus  en¬ 
trance,  infection  might  be  prevented 
by  this  protein-film  barrier  to  the 
virus.  The  surface  of  noninjured 
cells  apparently  is  impervious  to 
virus  entrance  without  some  vector. 

It  is  conjectured  that  the  test  sub¬ 
stances  affect  infectivity  in  three 
general  ways :  ( 1 )  by  a  direct  effect 

solely  upon  the  virus  prior  to  its  en¬ 
trance  into  host  cells,  (2)  by  an  ac¬ 
tion  upon  the  injured  cells  during 
and  immediately  after  entrance  of 
virus  into  the  host,  and  (3)  by  an 
influence  upon  virus  multiplication, 
which  presumably  involves  an  inter¬ 
action  between  both  virus  and  host. 
For  example,  tannic  acid,  a  protein 
precipitant,  appears  to  act  as  1, 
enzymes  as  2,  and  thiouracil  and 
malachite  green  as  3. 
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Table  1. — Infection  Indices  from  Substances  Tested 


Substance 


Dyes: 

Acridine  yellow . 

Acridine  red . 

Fluorescein . 

Fuchsin,  basic . 

Fuchsin,  acid . 

Iodine  green . 

Malachite  green . 

Methyl  blue . 

Methyl  green . 

Methylene  blue . 

Orange  II . 

Orcein . 

Phloxine  B . 

Pyronin  B . 

Pyronin  2-G . 

Quinoline  yellow . 

Sudan  IV . 

Thionin . 

Toluidine  blue  O . 

Trypan  blue . 

Vita  stain . 

Proteins  and  protein  derivatives: 

Albumin,  egg . 

Beef  blood  serum . 

Beef  extract. . 

Blood,  dried . 

Casein . 

Edestin . 

Gelatin . 

Gelysate . 

Glue . 

Lactalbumin . 

Lactalysate . 

Malt  extract . 

Milk,  skim . 

Myosate . 

Phytone . 

Polypeptone . 

Thiotone . 

Trypticase . 

Yeast  extract . 

Amino  acids: 

Arginine . 

Asparagine . 

d-Glutamic  acid . 

Glycine . 

1-Idistidine . 

Lysine . 

d-l-Methionine . 

1-Threonine . 

d-l-Tryptophan . 


pH  4.5 


.53 

1.91 

.09 

.20 

.94 

.93 

.01 

.21 

1.51 

* 

1.18 

1.44 

* 

.50 
.98 
1  .05 
1.24 
.71 
.13 
.25 
.44 


.59 

.41 

1.00 

.49 

.57 

.43 

.96 

1.34 

1.50 

.92 

1.07 

1.25 

.67 

1.12 

.95 

.88 

.54 

1.10 

.14 


.68 
.53 
.19 
1.47 
.75 
.54 
1 . 60 
.99 
1.65 


pH  6.0 


.39 

.62 

.01 

.01 

.89 

.70 

.18 

.32 

.91 

* 

.48 

.94 

* 

.65 
.87 
.83 
1  . 00 
.65 
.15 
.33 
.44 


1.09 

.07 

.65 

1.09 

.02 

.70 

1.05 

.76 

.70 

.43 

.75 

.69 

.13 

.68 

.81 

.82 

.47 

.85 

.03 


.32 
.20 
.  10 
.  67 
.18 
.36 
.88 
.81 
.71 


pH  8.5 


.08 

1.14 

.12 

.05 

.71 

.49 

.29 

.12 

.46 

* 

.63 

1.26 

* 

.57 
.62 
.93 
.78 
.07 
.06 
.  77 
.30 


.56 
.10 
.37 
.36 
.002 
.69 
.93 
.64 
.90 
.87 
.97 
.33 
.04 
.59 
.66 
.  76 
.44 
.64 
.06 


.38 

.33 

.94 

1.77 

1.53 

2.11 

.89 

1.09 

.51 


*  Tissue  injured. 
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Substance 

pH  4.5 

pH  6.0 

pH  8.5 

Nucleic  acid  derivatives: 

d  1  alanyl  d  1  alanine . 

.94 

.74 

.98 

Adenine . 

.83 

.87 

.79 

Adenosine . 

1.27 

.92 

1.58 

Adenosine  diphosphate . 

1.09 

1.62 

1.17 

Adenosine  triphosphate . 

.50 

.64 

.58 

Adenylic  acid . 

.47 

.69 

.81 

Cytidine . 

1.65 

1.01 

.82 

Cytosine . 

.75 

.80 

1.53 

Isocvtosine . 

.86 

.85 

.74 

2  thio  cytosine . 

1.97 

.90 

.89 

Cytidylic  acid . 

.42 

.60 

.92 

Desoxyribonucleic  acid . 

.51 

.39 

.44 

2,  6  diamino  purine  sulfate . 

1.19 

.48 

.97 

Guanine . 

.80 

1.10 

.90 

Guanosine . 

1.14 

1.10 

.39 

1.05 

Guanylic  acid . 

.85 

1.02 

Protamine  nucleinate . 

2.53 

1.26 

.62 

Sodium  nucleinate . 

1.22 

.43 

.79 

2  amino  4  methyl  pyrimidine . 

.94 

.85 

.84 

2,  4  dichloro  6  methyl  pyrimidine . 

.72 

.43 

.99 

2,  4  dichloropyrimidine . 

.72 

.69 

.94 

2,  6  dichloropyrimidine . 

.87 

1.06 

1.09 

d-ribose . 

1  73 

1.07 

1 . 16 

Thymine . 

1  03 

.79 

1.26 

Uracil .  . 

1.75 

.92 

1.01 

5  amino  uracil . 

1.72 

1.13 

1.07 

Diazouracil . 

41 

.  56 

.56 

6  methyl  uracil . 

1.10 

1.70 

.69 

5  methyl  thiouracil 

.99 

.80 

.71 

6  methyl  thiouracil . . 

1.46 

.84 

.74 

Thiouracil . 

.07 

.28 

.09 

Uridine . 

1.05 

.93 

.77 

Uridylic  acid . 

.77 

.83 

.75 

Xanthine . 

1.41 

1.17 

1.06 

Hypoxanthine . 

.46 

.83 

.93 

Xanthosine . 

.92 

.84 

1.15 

Plant  growth  substances: 

Indole  3  acetic  acid . 

.39 

.47 

.80 

Indole  butyric  acid . 

.64 

.75 

1.27 

3  indole  propionic  acid . 

.76 

.55 

.83 

N aphthalene  acetic  acid . 

.86 

1.24 

1.68 

Polypeptides : 

Alanyl  glycyl  glycine . 

.74 

.65 

.76 

d  1  leucyl  glycine . 

.73 

.74 

1.30 

d  1  leucyl  glycyl  glycine . 

1.26 

.85 

.91 

Glycyl  glycine . 

1.63 

.93 

1.34 

Glycyl  glycyl  glycine . 

1.69 

1 .08 

1.10 

Glycyl  1  tryptophan . 

1.95 

2.01 

1.43 

Glycyl  tyrosine . 

1.00 

.98 

.83 

Miscellaneous: 

Barbituric  acid . 

.50 

.55 

.96 

Cocoa . 

1  12 

72 

81 

Glucose  1  phosphate . 

1.20 

.61 

1.31 

Glucose  6  phosphate . 

.85 

.76 

1 . 15 
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Table  1. —  (Continued) 


Substance 

pH  4.5 

pH  6.0 

pH  8.5 

Glucosamine  HC1 . 

.85 

1.16 

1  . 10 

Glutathione . 

.68 

.95 

.65 

Glycerophosphate . 

.83 

1 . 45 

1 . 55 

Glycerophosphate  (Mn) . 

1.26 

.62 

.75 

Glycol  lie  acid . 

.36 

.70 

.91 

Hexose  diphosphate . 

.83 

1 . 03 

1.14 

Inulin . 

.90 

.99 

.65 

Melizitose . 

1.00 

.68 

.93 

Orcinol . 

.75 

.62 

.08 

Phloroglucin . 

.97 

.94 

.71 

Phvtol . 

.85 

.70 

.63 

Resorcin . 

1.08 

.76 

.97 

Salicin . 

.86 

.72 

.91 

Sodium  formate . 

1.14 

.84 

1.55 

Sorbitol  .  . 

1.97 

.68 

1  12 

Soybean  trypsin  inhibitor . 

.68 

.97 

.42 

Tannic  acid . 

02 

.  13 

01 

Thioglycollat.e . 

1.15 

.23 

.41 

Enzymes: 

Amylase,  alpha . 

.27 

.  008 

.  006 

Amylase,  beta . 

.  /  ( 

.32 

.26 

Catalase  . 

1  73 

.75 

1  13 

Cozymase  . 

.48 

.60 

.99 

Diastase  . 

.90 

.53 

.79 

Glucoronidase,  beta . 

.13 

.06 

.  12 

Hemicellulase . 

.24 

.  11 

.07 

Hyaluronidase . 

.045 

.  004 

.004 

Lactase  . 

.28 

.  1  1 

.53 

Lvsozvme  . 

.  17 

1 . 06 

1.22 

Pectin  asc  . 

.095 

.09 

.  05 

Rennin  . 

.  10 

.  18 

.42 

Linase  . 

.00 

.00 

.00 

Trypsin  (crystallized) . 

.  12 

.  12 

.07 

Trypsin  (powdered) . 

.03 

.01 

.01 

1 1 rease  . 

.74 

.50 

.42 
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COMPARATIVE  VIABILITY  OF  SPOROCARPS  OF 
MARS  ILEA  Q  UADRIFOLIA  L. 

IN  RELATION  TO  AGE1 

WILLIAM  W.  BLOOM 

Valparaiso  University ,  Valparaiso,  Indiana 


The  Marsileaceae  are  a  small  group 
of  water  ferns  distinguishable  from 
all  other  Leptosporangiatae  but  the 
Salviniaceae  by  their  heterospory. 
In  contrast  to  the  Salviniaceae,  the 
sporocarps  of  the  Marsileaceae  con¬ 
tain  both  microspores  and  mega¬ 
spores.  The  morphology  of  the  Mar¬ 
sileaceae  is  discussed  rather  fully  by 
Bower  (3),  Eames  (6),  and  Smith 
(7),  and  in  a  number  of  individual 
reports  dating  back  to  the  late  nine¬ 
teenth  century. 

One  of  the  most  unusual  charac¬ 
teristics  of  this  group  of  ferns  is  their 
mode  of  sexual  reproduction.  Both 
microspores  and  megaspores  occur 
in  each  sorus  and  are  produced  in  a 
special  organ,  the  sporoearp.  These 
closed  more-or-less  globular  struc¬ 
tures  are  considered  phylogenetic- 
ally  to  be  leaflets  composed  of  many 
pinnules.  When  mature  they  possess 
a  hard,  resistant  outer  coat  which 
serves  to  protect  the  spores  against 
mechanical  injury,  desiccation,  and 
unfavorable  substances  to  which  they 
might  be  exposed. 

There  is  considerable  interest  in 
the  sporocarps  of  the  Marsileaceae 
because  of  their  apparent  resistance 
to  the  effect  of  aging  upon  the  viabil¬ 
ity  of  the  spores.  As  early  as  1888 
Campbell  (4)  conducted  germina¬ 
tion  tests  on  Marsilea  aegyptiaca  and 
found  that  after  five  years  there  was 

1  This  work  was  supported  in  part  by  a  grant 
from  the  Dr.  Wallace  C.  and  Clara  A.  Abbott 
Memorial  Fund  of  The  University  of  Chicago. 


little  decline  in  viability,  and  sporo¬ 
carps  11-years  old  were  50  percent 
viable.  Chamberlain  (5)  describes 
germination  of  poisoned  herbarium 
specimens  50  years  old  and  states 
that  sporocarps  in  95  percent  alcohol 
germinate  as  quickly  as  those  in  a 
dry  box.  Eames  (6)  reports  that 
sporocarps  taken  from  herbarium 
sheets  50  years  old  have  germinated, 
and  Smith  (7)  reports  that  spores 
remain  viable  20  or  30  years.  All- 
sopp  (1)  has  recently  germinated 
sporocarps  of  Marsilea  minuta  68 
years  old  and  M.  fournieri  6IV2 
years  old  and  found  that  they 
showed  little  loss  of  viability  and 
produced  typical  embryo  sporo- 
phytes.  Bloom  (2)  has  shown  that 
in  fertile  sporocarps  of  M.  quadri- 
folia  30  years  old,  better  than  98 
percent  of  the  megaspores  produced 
embryo  sporophytes. 

Unfortunately,  the  term  germina¬ 
tion  is  somewhat  ambiguous  when 
used  in  describing  one  stage  in 
the  reproductive  cycle.  Expansion 
causes  a  rupturing  of  the  sporoearp 
when  water  is  imbibed.  In  some 
species  sori  contained  in  the  sporo- 
carp  are  pulled  out  by  means  of  a 
greatly  expanded  gelatinous  ring, 
but  in  other  species  the  individual 
spores  are  eventually  freed  from  the 
sporoearp  or  may  remain  within  the 
sporoearp  walls.  This  phenomenon 
is  commonly  referred  to  as  germina¬ 
tion  although  it  is  purely  physical 
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and  may  occur  even  though  none  of 
the  spores  within  the  sporocarp  are 
viable.  Sporocarps  that  have  been 
heat-treated  to  the  extent  that  all 
spores  are  killed  still  “germinate” 
as  have  sporocarps  stored  in  higher 
alcohols,  although  viable  plants  were 
not  produced.  Apparently  some  of 
the  earlier  reports  on  germination 
refer  only  to  this  physical  phenome¬ 
non. 

Following  germination  of  the 
sporocarps  in  water,  or  in  nutrients 
of  suitable  concentration,  the  game- 
topliytes  develop  rapidly  and  the 
megagame  tophyte  can  readily  be 
seen  with  low  magnifications  (X10). 
Slightly  higher  magnifications 
(X35)  are  necessary  to  see  the  rup¬ 
tured  microspores  which  serve  as 
evidence  of  functional  microgame- 
tophytes.  At  magnifications  of  100 
to  440  diameters,  typical  motile 
sperm  cells  can  be  seen  easily.  Under 
favorable  conditions  the  gameto- 
phytes  develop  within  24  hours,  and 
within  48  hours  small  sporophytes 
are  distinguishable. 

Materials  and  Methods 

Most  of  the  reports  referred  to 
previously  are  based  on  the  germina¬ 
tion  of  one  or  several  sporocarps, 
without  any  means  of  checking  the 
results  against  younger  sporocarps 
of  the  same  ecotype.  Allsopp  (1) 
calls  attention  to  the  fact  that  nega¬ 
tive  results  based  on  a  single  or 
several  sporocarps  are  not  conclu¬ 
sive,  as  it  frequently  happens  that 
relatively  young  sporocarps  fail  to 
germinate  or  to  produce  typical 
sporophytes.  1  have  been  fortunate 
to  obtain  from  Dr.  Paul  D.  Voth, 
Department  of  Botany,  University 
of  Chicago,  and  Dr.  Ernest  L. 


Stover,  Department  of  Botany,  East¬ 
ern  Illinois  State  College,  three  col¬ 
lections  of  sporocarps  from  plants  of 
Marsilea  quadrifolia  growing  on  the 
Charleston  campus. 

The  oldest  sporocarps  were  col¬ 
lected  in  1922  by  the  late  Miss  Ethel 
Thomas  of  the  Charleston  facul¬ 
ty.  This  material  was  stored  in  a 
cardboard  box ;  for  some  time  it  was 
in  the  basement  of  the  Hull  Botani¬ 
cal  Laboratories,  University  of  Chi¬ 
cago.  Conditions  under  which  the 
sporocarps  were  collected  are  un¬ 
known,  and  the  percentage  of  germi¬ 
nation  or  fertility  at  the  time  of  col¬ 
lection  is  not  on  record.  The  second 
collection  was  made  several  years 
ago  by  a  student  of  Dr.  Stover,  and 
I  made  the  most  recent  collection  in 
the  fall  of  1953. 

To  determine  whether  the  spores 
in  the  sporocarps  were  viable,  and  to 
what  extent  they  might  have  dete¬ 
riorated  in  storage,  the  following 
studies  on  germination  were  con¬ 
ducted.  Ten  sporocarps  from  the 
first  two  collections,  and  10  sporo¬ 
carps  from  the  1953  collection  which 
had  been  hastened  in  maturation  by 
heating  at  65°C.  in  a  forced  draft 
oven,  were  used.  Each  sporocarp 
was  scarified  on  emery  paper  and 
placed  in  a  separate  vial  2  cm.  by  8 
cm.  in  20  ml.  of  Voth  (8)  no.  5  solu¬ 
tion.  Periodic  observations  were 
made  and  data  recorded.  After  10 
days  the  megagametopliytes  with  at¬ 
tached  sporophytes,  megagameto- 
phytes  without  sporophytes,  and  un¬ 
developed  megaspores  were  counted. 
The  results  are  shown  in  tables  1,  2, 
and  3. 

None  of  the  sporocarps  collected 
in  November  1953  showed  typical 
germination  by  January  24,  1954, 
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Table  1. — Germination  Results  of  Sporocarps  of  Marsilea  quadrifolia. 

Thomas  Material,  32  Years  Old. 


No.  of 
sporocarps 

Germin¬ 

ation 

Megaspore 

failure 

Megagameto- 
phytes  without 
sporophytes 

Megagameto- 
phvtes  with 
attached 
sporophytes 

Percentage 
of  viable 
megaspores 

1 . 

+ 

all* 

0 

0 

0.0 

2 . 

+ 

0 

0 

74 

100.0 

3 . 

+ 

0 

3 

81 

100.0 

4 . 

+ 

0 

5 

81 

100.0 

5 . 

+ 

0 

± 

j  ^  1'  T  T 

0 

100.0 

6 . 

+ 

0 

1 

72 

100.0 

7 . 

+ 

all* 

0 

0 

0.0 

8 . 

+ 

0 

0 

96 

100.0 

9 . 

+ 

0 

4 

83 

100.0 

10 . 

+ 

1 

30 

60 

98.9 

Totals . 

10  + 

j  ** 

120 

547 

99.8** 

*  Spores  remained  in  sori  ;  no  development  was  apparent;  spores  were  not  counted. 
**  Exclusive  of  nos.  1  and  7. 

***  No  sperms  were  detected. 


Table  2. — Germination  Results  of  Sporocarps  of  Marsilea  quadrifolia. 
Stover  Material;  Recent  Collection;  Natural  Maturation. 


No.  of 
sporocarps 

Germin¬ 

ation 

Megaspore 

failure 

Megagameto- 
phytes  without 
sporophytes 

Megagameto- 
phytes  with 
attached 
sporophytes 

Percentage 
of  viable 
megaspores 

1 . 

+ 

2 

7 

52 

96.7 

2 . 

+ 

2 

1 

84 

97.7 

3 . 

+ 

0 

2 

83 

100.0 

4 . 

+ 

0 

3 

54 

100.0 

5 . 

+ 

all* 

0 

0 

0.0 

6 . 

+ 

8 

6 

70 

90.5 

7 . 

+ 

0 

0 

79 

100.0 

8 . 

+ 

0 

0 

85 

100.0 

9 . 

+ 

0 

0 

88 

100.0 

10 . 

+ 

0 

5 

84 

100.0 

Totals . 

10  + 

12** 

24 

679 

98.3** 

*  Spores  remained  in  sori ;  no  development  was  apparent ;  spores  were  not  counted. 
**  Exclusive  of  no.  5. 
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unless  treated  to  hasten  maturation. 
Of  the  10  untreated  sporocarps  of 
the  1953  collection,  4  remained 
closed,  3  developed  partially  ex¬ 
truded  gelatinous  rings  and  freed 
some  spores,  and  the  remaining  3 
showed  slight  extrusions  at  the  sites 
of  the  openings  made  in  the  sporo- 
carp  walls,  and  eventually  some 
spores  were  freed.  Some  megaspores 
from  5  of  the  sporocarps  developed 
megagametophytes  and  typical  spo- 
rophytes. 

Discussion 

Allsopp  (1)  has  pointed  out  that 
sporocarps  of  all  ages  may  show 
complete  failure  to  germinate  or  pro¬ 
duce  typical  sporophytes.  His  ob¬ 
servations  are  confirmed  in  this  and 
other  studies.  Since  all  three  col¬ 
lections  showed  such  failures,  it  is 
unlikely  that  failure  of  the  Thomas 
material  was  attributable  to  any  ef¬ 
fect  of  aging ;  it  was  probably  the 
result  of  some  developmental  failure 


during  the  development  of  the  sporo¬ 
carps  prior  to  harvesting. 

Preliminary  experiments  with  var¬ 
ious  concentrations  of  nutrient  solu¬ 
tions  used  by  Votli  (8)  for  Mar- 
chant  ia  polymorpha,  tap  water  and 
deionized  distilled  water  have  also 
resulted  in  some  failure  of  spores 
from  the  sporocarps  to  develop  into 
normal  gametophytes  with  the  pro¬ 
duction  of  sporophytes.  Germina¬ 
tion  in  deionized  distilled  water  re¬ 
sulted  in  a  number  of  ruptured  meg¬ 
aspores  owing  to  increased  osmotic 
pressure.  Very  low  concentrations 
of  nutrient  solutions  at  higher  tem¬ 
peratures  produced  similar  ruptur¬ 
ing  of  the  megaspores.  Residual 
chlorine  or  other  toxic  substances  in 
tap  water  may  be  harmful,  especially 
to  the  sperms. 

Not  infrequently,  as  in  no.  5  of 
the  Thomas  material  and  no.  6  of  the 
heat-treated  fresh  material,  mega¬ 
spores  develop  normal  gametophytes 
but  will  not  produce  sporophytes. 


Table  3. — Germination  Results  of  Sporocarps  of  Marsilea  quadrifolia. 
1953  Collection;  Heat  Treated  to  Hasten  Maturation. 


No.  of 
sporocarps 

Germin¬ 

ation 

Megaspore 

failure 

Megagameto¬ 
phytes  without 
sporophytes 

Megagameto¬ 
phytes  with 
attached 
sporophytes 

Percentage 
of  viable 
mega  spores 

1 . 

+ 

3 

41 

43 

96 . 0 

2 . 

4* 

5 

27 

43 

93.3 

3 . 

0 

all* 

0 

0 

0.0 

4 . 

0 

all* 

0 

0 

0.0 

5 . 

+ 

9 

33 

43 

89.4 

6 . 

+ 

2 

02*** 

0 

90 . 9 

7 . 

+ 

29 

9 

20 

50 . 0 

8 . 

+ 

3 

7 

50 

95.5 

9 . 

4- 

21 

38 

18 

72.7 

10 . 

0 

all* 

0 

0 

0.0 

Totals . 

7  + 

72** 

217 

223 

85.9** 

*  Spores  remained  in  sori  in  sporocarp  ;  no  development  was  apparent  ;  spores  were  not  counted. 
**  Exclusive  of  nos.  3,  4,  and  10. 

***  No  sperms  were  detected. 
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Acetocarmine  preparations  of  such 
materials  failed  to  reveal  the  pres¬ 
ence  of  typical  sperm  cells  always 
associated  with  material  of  the  same 
age  which  produced  sporophytes. 
This  suggests  that  the  microspores 
are  more  susceptible  to  aging  or 
physical  agents  used  to  hasten  matu¬ 
ration.  The  failure  of  seemingly 
normal  gametophytes  to  produce  em¬ 
bryos  in  this  and  other  experiments 
in  progress  raises  some  question  as  to 
the  reports  of  frequent  partheno- 
genetic  development  in  this  group  of 
plants  and  suggests  the  need  for 
further  study. 

The  exceedingly  high  percentage 
of  viable  megaspores  in  the  32-year- 
old  material,  which  even  exceeded 
that  of  the  more  recent  mature  ma¬ 
terial  (the  difference  is  not  signifi¬ 
cant  however,  since  it  lies  within  the 
range  of  chance  variation)  indicates 
that  the  spore  longevity  in  this  group 
of  plants  is  unique.  There  are  un¬ 
doubtedly  sporocarps  available  on 
herbarium  sheets  that  are  more  than 
100  years  old,  and  it  would  be  of 
interest  to  see  how  such  material 


would  respond  in  germination  tests. 

Counts  were  made  of  the  number 
of  sori  in  the  Thomas  and  Stover 
material.  The  number  of  sori  varied 
from  12  to  17,  with  9  showing  a 
count  of  16.  The  number  of  mega¬ 
spores  in  a  sporocarp  varied  from  57 
to  96,  with  the  average  for  24  sporo¬ 
carps  being  79.  These  variations  are 
attributable,  at  least  in  part,  to 
aborted  sori  and  spores. 

Summary 

1.  Sporocarps  of  all  ages  show  some 
loss  of  viability,  probably  due  to 
failures  in  development  and  mat¬ 
uration. 

2.  Sporocarps  that  contain  viable 
spores  show  a  high  percentage  of 
megaspore  viability,  usually  100 
percent  after  32  years. 

3.  Microspores  appear  to  be  more 
susceptible  to  aging  effects  than 
megaspores. 

4.  The  number  of  sori  in  a  sporo¬ 
carp  varied  from  12  to  17,  and 
the  number  of  megaspores  in  a 
sporocarp  varied  from  57  to  96. 
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CHEMISTRY 


AIR  OXIDATION,  PHENOLIC  GROUP  CONTENT,  AND 
COKING  PROPERTIES  OF  ILLINOIS  COAL1 2 

G.  R.  Yohe,  M.  H.  Wilt, 2  H.  F.  Kauffman^  and  Eva  0.  Blodgetts 

State  Geological  Survey,  Urbana 


Among*  the  coals  of  Illinois,  those 
which  are  of  most  promise  in  the 
manufacture  of  metallurgical  coke 
are  of  high-volatile  B  bituminous 
rank.  Experience  lias  shown  that 
these  coals  lose  their  coking  quality 
rather  rapidly  when  crushed  and  oxi¬ 
dized,  even  under  such  mild  condi¬ 
tions  as  exposure  to  air  at  ordinary 
temperatures  and  pressures. 

Some  years  ago  Berl  and  Koerber3 
published  a  paper  on  solvent  extrac¬ 
tion  of  coals  and  the  effect  of  such 
extraction  on  the  coking  properties. 
They  stated  that  certain  ketonic  sol¬ 
vents  removed  phenolic  components 
which  “are  responsible  for  the  cak¬ 
ing  properties  of  coal.”  This  state¬ 
ment  raised  the  question  of  whether 
the  phenolic-group  content  of  Illinois 
coals,  as  estimated  by  methylation 
with  dimethyl  sulfate  and  subse¬ 
quent  methoxyl  determination,  would 
show  a  decrease  parallel  to  the  de¬ 
crease  in  coking  quality  as  oxidation 
proceeded. 

At  that  time  we  were  investigating 
a  phase  of  the  atmospheric  oxidation 
of  coal  somewhat  apart  from  the  ef¬ 
fect  on  coking  properties.  During 
the  course  of  the  experiments  we  ex¬ 
posed  a  sample  of  ■ — 100  mesh  Illi¬ 
nois  No.  6  seam  coal  (Laboratory  No. 

1  Published  with  permission  of  the  Chief,  Illinois 
State  Geological  Survey. 

2 Formerly  Research  Assistants  at  the  Illinois 
State  Geological  Survey. 

3  Berl,  E.,  and  W.  Koerber,  Ind.  Eng.  Chem.  32, 

pp.  1605-7,  1940. 


C-2495,  table  1)  to  the  atmosphere 
of  the  laboratory  and  withdrew  por¬ 
tions  periodically  for  methylation 
and  subsequent  methoxyl  determina¬ 
tions,  the  results  of  which  are  given 
in  table  2. 

Although  no  tests  of  coking  power 
were  included  in  this  investigation, 
it  would  be  expected  that  such  values 
as  free-swelling  index  and  aggluti¬ 
nating  value  would  drop  off  appre¬ 
ciably  within  a  few  days.  Yet  it 
can  be  seen  from  the  methoxyl  values 
in  table  1  that  the  phenolic  hydroxyl 
content  showed  no  decrease,  but  was 
maintained  essentially  at  the  same 
value  as  that  shown  by  the  fresh  coal. 

In  order  to  test  this  point  further, 
several  series  of  experiments  were 
carried  out  by  subjecting  coal  sam¬ 
ples  to  the  action  of  air  at  room  tem¬ 
perature  or  to  accelerated  air  oxida¬ 
tion  in  a  drying  oven.  Samples  were 
taken  at  intervals  for  methylation 
and  for  tests  of  coking  quality.  In 
two  series  the  agglutinating  value4 
was  used  to  measure  the  change  in 
coking  quality,  as  this  test  has  long 
been  recognized  as  very  sensitive  to 
oxidative  changes.5  In  the  other  two 
series,  the  change  in  free  swelling 
index6  (F.S.I.)  was  followed  until  it 

4  Proc.  Am.  Soc.  Testing  Materials  34,  pt.  I,  pp. 
457-62  (1934)  ;  ASTM  Tentative  Standards,  i938, 
pt.  II,  Non-Metals,  95-100. 

6  See  L.  D.  Schmidt,  Chemistry  of  Coal  Utiliza¬ 
tion,  H.  H.  Lowry,  ed.,  vol.  I,  p.  668,  New  York, 
John  Wiley,  1945. 

0  ASTM  Designation  D'  720-46.  Am.  Soc.  Test¬ 
ing  Materials  Standards  on  Coal  and  Coke,  p.  70, 
September  1951. 
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Table  1. — Analytical  Data  on  Coals. 


Lab. 

As  Received 

Moisture  and  ash-free  basis 

No. 

Moist. 

Ash 

F.C. 

C 

H 

N 

O 

S 

Btu/lb 

Condition 

C-2445a 

8.0 

9.5 

49.0 

1.88 

14516 

Fresh 

C-2495a 

7.9 

7.4 

54.2 

81.78 

5.27 

1.78 

10.24 

0.93 

14368 

Fresh 

C-4680b 

5.9 

7.4 

53.5 

81.99 

5.45 

1.94 

8.14 

2.48 

14654 

Fresh 

C-4737b 

0.8 

7.4 

60.4 

76.67 

4.75 

1.84 

14.37 

2.37 

13166 

C-4680  oven 
oxidized  15  days 

C-4738b 

0.4 

7.3 

59.6 

73.82 

4.37 

1.82 

17.70 

2.29 

12433 

C-4680  oven 
oxidized  32  days 

C-4752b 

8.1 

4.7 

54.4 

75.33 

4.54 

1.80 

16 . 82 

1.51 

12814 

C-4738 

methylated 

C-4758a 

8.0 

7.0 

55.5 

82.09 

5.52 

1.95 

9.71 

0.73 

14443 

Fresh 

C-4787a 

0.6 

7.4 

61.4 

77.66 

4.70 

1.84 

15.12 

0.68 

C-4758  oven 
oxidized  13  days 

C-4841a 

2.5 

7.1 

58.0 

74.39 

4.25 

1.87 

18.83 

0 . 66 

12239 

C-4758  oven 
oxidized  45  days 

C-4900a 

17.0 

11.2 

44.5 

75.30 

5.04 

1.79 

17.19 

0.68 

13323 

C-4841 

methylated 

a)  Franklin  County,  No.  6  seam  coal. 

b)  Saline  County,  No.  5  seam  coal. 


Table  2. 

Methoxyl  values  of  coal  C-2495.  Methy¬ 
lated  after  exposure  to  air  in  the 
laboratory  at  room  temperature. 


Time  of  exposure 
(Days) 

Methoxyl  valuea 
(Percent) 

0 

3.25 

5 

3.37 

11 

2.43 

15 

3.27 

19 

3.72 

25 

3.62 

32 

2.87 

39 

3.54 

46 

3.74 

53 

2.74 

60 

3.54 

67 

2.75 

a)  Determined  by  M.H.YV.  using  the  semimicro 
Zeisel  method. 


was  obvious  that  the  coal  no  longer 
had  the  ability  to  swell. 

Methylations  were  carried  out  as 
described  in  an  earlier  publication,7 


7  G.  R.  Yohe  and  Eva  O.  Blodgett,  J.  Am.  Chem. 
Soc.  69,  pp.  2644-48,  1947. 


Table  3. 

Coal  C-2Jflf5.  Exposed  to  laboratory  at¬ 
mosphere  at  room  temperature  in 
— 40 -\-  60  mesh  size ;  ground  to 
— 200  mesh  prior  to  methylation. 


Time  of 
exposure 
(days) 

Agglutinating 

value 

(kg.) 

Methoxyl  after 
methylationa 
(%) 

0 

5.1 

1.40 

13 

3.9 

1.52 

35 

3.1 

2.01 

101 

2.1 

3.02 

a)  Determined  by  M.H.W.  using  the  semimicro 
Zeisel  method. 


using  the  same  proportions  of  re¬ 
actants  but  smaller  amounts  of  coal 
(5  or  10  grams).  In  some  instances 
the  methylation  mixture  was  filtered 
while  still  alkaline,  and  the  filtrate 
acidified  to  recover  separately  the 
“humic  acids’"  resulting  from  the 
oxidation  of  the  coal;  in  others  the 
methylation  mixture  was  acidified 
before  filtering,  so  that  “humic 
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Table  4. 

Coal:  A  “grab”  sample  from  the  same  source  as  C-2J/95;  — 200  mesh.  “Humic  acid” 
isolated ,  but  not  subjected  to  methoxyl  determination. 


Days  in  oven  (100°) 

• 

Agglutinating 

value 

(kg.) 

OCH3  after 
methvlation 
(%) 

“Humic  acid” 
(%)a 

0.0 

4.49 

2.85 

0.12 

0.75 

0.83 

4.02 

0.37 

2.0 

0.0 

4.64 

.... 

4.0 

0.0 

4.09 

11.0 

0.0 

3.17 

0.32 

18.0 

0.0 

3.63 

0.58 

25.0 

•  •  •  • 

3.74 

0.69 

32.0 

.... 

3.78 

0.93 

39.0 

4.41 

0.94 

46.0 

4.02 

1.36 

57.0 

3.71 

1.26 

a)  Parts  by  weight  from  100  parts  by  weight  of  coal. 


acids  ’  ’  and  alkali-insoluble  materials 
were  not  separated,  but  taken  to¬ 
g-ether  as  the  sample  of  methylated 
coal. 

The  results  are  reported  in  tables 
3,  4,  5,  and  6.  Except  where  other¬ 
wise  indicated,  methoxyl  determina¬ 
tions  were  made  by  H.  S.  Clark  and 
Donald  Dickerson  in  the  Survey 
laboratory,  using*  the  micro  Zeisel 
method. 

The  gradually  increasing  yield  of 
“ humic  acid”  in  table  4  and  the  in¬ 
creasing  oxygen  contents  (deter¬ 
mined  by  difference)  and  decreasing 
calorific  values  in  tables  5  and  6  are 
shown  to  give  some  indication  of  the 
extent  of  the  oxidation. 

A  great  difference  in  rate  of  loss 
of  agglutinating  value  is  evident  in 
tables  3  and  4.  Undoubtedly  both 
differences  in  particle  size  and  dif¬ 
ferences  in  temperature  of  exposure 
contributed  to  this  effect,  but  it  is 
probable  that  temperature  is  the 
more  important  factor.  If  it  be  as¬ 
sumed  that  the  rate  of  loss  of  ag¬ 


glutinating*  value  doubles  for  each 
10° C.  rise,  then  the  loss  for  table  4 
should  be  about  180  times  as  rapid 
as  for  table  3.  Plotting  the  data 
shows  that  the  difference  in  slopes 
of  the  curves  is  of  about  that  order 
of  magnitude. 

It  can  be  seen  that  the  loss  of  cok¬ 
ing  quality  was  not  accompanied  by 
a  decrease  in  the  phenolic  hydroxyl 
content  as  estimated  by  the  methyl a- 
tion  procedure.  Rather,  there  seemed 
to  be  a  trend  toward  an  increase  of 
the  phenolic  groups  during  the  time 
that  the  caking  power  was  disap¬ 
pearing. 

We  are  aware  that  there  are  in¬ 
herent  sources  of  error  in  this  meth¬ 
od  of  estimating  phenolic  hydroxyl 
in  such  a  material  as  coal,  but,  never¬ 
theless,  the  results  are  sufficiently 
precise  (1)  to  show  that  the  presence 
of  phenolic  hydroxyl  groups  in  a  coal 
is  not  a  sufficient  condition  to  assure 
cokeability  and  (2)  to  establish  the 
conclusion  that  the  loss  of  coking 
quality  by  atmospheric  oxidation  is 
not  due  to  the  disappearance  of  phe- 
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nolic  structures.  This  does  not  mean, 
of  course,  that  the  phenolic  groups 
originally  present  have  remained  in¬ 
tact,  for  such  experimental  work  as 
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this  affords  no  means  of  distinguish¬ 
ing  between  original  structures  and 
groups  of  the  same  type  that  may 
have  formed  during  the  oxidation. 


Table  5. 

Coal  G-'/SSO ;  —200  mesh. 


Days  in  oven  (107°) 

F.S.I. 

OCH3  after 
methylation 

Moisture  and 

Oxygen  (%) 

ash-free 

Btu 

0 

4.0 

2.0 

8.14 

14654 

1 

1.5 

3.44 

5 

1.0a 

3.90 

6 

3.38 

11 

3 . 90b 

14.37 

13166 

18 

4. 19b’c 

32 

1.0a 

4 . 84b 

17.70 

12433 

32 

4. 24d 

32 

.  .  . 

4. 71e 

a)  Coal  did  not  cohere  to  form  a  coke  button. 

b)  Methylation  reaction  mixture  acidified  before  filtering’;  this  includes  alkali-soluble  and  alkali- 
insoluble  portions. 

c)  A  parallel  methylated  sample  gave  3.73%  OCHs. 

d)  The  alkali-insoluble  portion  of  the  methylation  mixture. 

e)  The  alkali-soluble  portion  of  the  methylation  mixtu.e. 


Table  6. 

Coal  C-Jf758;  — 200  mesli. 


Moisture  and  ash-free 

OCH3  after 

Days  in  oven  (105°) 

F.S.I. 

methylation 

Oxygen  (%) 

Btu 

0 

4.5 

5.08 

9.71 

14443 

1 

1.5 

4.81a 

3 

3 . 66a 

6 

5.37a 

10 

3 .  lla 

13 

.... 

15.12 

17 

5 . 34a 

29 

5.85a 

44 

3.07a 

45 

5 . 45a 

18.83 

12239 

45 

4 ,06b 

45 

4 . 90c 

a)  Methylation  reaction  mixture  acidified  before  filtering ;  this  includes  alkali-soluble  and  alkali- 
insoluble  portions. 

b)  The  alkali-insoluble  portion  of  the  methylation  mixture, 

c)  The  alkali-soluble  portion  of  the  methylation  mixture. 
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COMPARATIVE  ANALYSES  OF  POLYETHENOXY 

TALLATES 


A.  T.  BALLUN,  G.  E.  BARTELS,  and  J.  V.  KARABINOS 
Blockson  Chemical  Company ,  Joliet 


In  a  previous  article1  the  prepara¬ 
tion  of  polyethenoxy  tallates,  con¬ 
densation  products  of  tall  oil  with 
ethylene  oxide,  was  described  along 
with  their  comparative  detergency  in 
built  mixtures.  In  that  study,  the 
extent  to  which  the  ethylene  oxide 
condensed  with  various  tall  oil  sam¬ 
ples  was  determined  by  use  of  the 
saponification  equivalent.  Subse¬ 
quently,  if  became  desirable  to  study 
other  analytical  procedures  for  the 
analyses  of  these  nonionic  esters  and, 
if  possible,  to  select  a  more  suitable 
method.  The  methods  consisted  of 

(A)  the  saponification  equivalent, 

(B)  carbon  and  hydrogen  analyses 
and  (C)  the  iodine  number;  they 
were  carried  out  on  polyethenoxy 
tallates  of  different  molecular  pro¬ 
portions. 

Preparation  of  Polyethenoxy 
Tallates 

For  these  experiments,  a  commer¬ 
cial  tall  oil  (triple-distilled  Indus- 
oil,  West  Virginia  Paper  &  Pulp 
Co.)  was  selected  which  contained 
approximately  69%  fatty  acids,  29% 
rosin  acids  and  2%  unsaponifiables. 
The  tall  oil  was  admixed  with  0.5% 
of  its  weight  of  anhydrous  potassium 
carbonate  in  a  fared  three-neck  flask 
with  a  gas  disperser  inlet,  thermom¬ 
eter,  and  outlet  tube.  The  mixture 
was  heated  in  an  atmosphere  of  ni¬ 


trogen  gas  to  160° C.,  and  ethylene 
oxide  gas  was  added  at  a  rate  that 
maintained  the  temperature  between 
160-190° C.  The  amount  of  gas  ab¬ 
sorbed  was  determined  periodically 
by  weighing  the  flask  and  its  con¬ 
tents,  and  polyethenoxy  esters  con¬ 
taining  from  6  to  22  moles  of  ethyl¬ 
ene  oxide  per  mole  of  tall  oil  were 
synthesized  (table  3).  The  various 
analytical  procedures  described  be¬ 
low  were  carried  out  on  these  sam¬ 
ples. 

Method  A.  The  Saponification 
Equivalent 

The  most  likely  method  for  the 
analysis  of  these  esters  would  seem 
to  be  the  determination  of  their  sa¬ 
ponification  equivalent.  The  chief 
difficulty  lies  in  the  quantitative 
saponification  of  the  rosin  esters, 
which  account  for  approximately 
29%  of  the  tall  oil  content.  For  this 
reason,  the  saponification  was  carried 
out  at  higher  temperatures  using  one 
normal  potassium  hydroxide  in  di- 
ethylene  glycol  solution.  A  5-gram 
sample  of  nonionic  ester  was  re¬ 
fluxed  for  4  hours  with  an  excess  of 
the  alkali,  diluted  with  an  equal  vol¬ 
ume  of  ethanol,  and,  on  cooling,  the 
excess  alkali  was  back-titrated  with 
0.25  N  hydrochloric  acid,  using  a  pH 
meter  to  determine  the  change  in 
acidity.  A  pH  titration  curve  was 
constructed  whereby  the  excess  of 
alkali  was  ascertained  by  graphical 
interpretation  of  the  curve.  The  end 


1  E.  M.  Stoltz,  A.  T.  Ballun,  H.  J.  Ferlin,  and 
J.  V.  Karabinos,  Jour,  Am.  Oil  Chem.  Soc.,  30,  271 
(1953). 
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point  was  generally  obtained  at  pH  oxide  units  (n)  of  the  nonionic  ester 
9.2  to  9.4.  The  number  of  ethylene  was  calculated  as  follows : 

(wt.  sample  x  1000)  289 

44  (ml.  x  N  KOH  —  ml.  x  N  I4C1)  44 

n  = - - — - - 


The  number  of  ethylene  oxide 
units  in  each  polyetlienoxy  tallate 
was  determined  by  this  method ;  the 
results  are  compared  in  table  3  with 
the  other  methods. 

Method  B.  Carbon  and 
Hydrogen  Analyses 

It  seemed  logical  that  since  the 
oxygen  content  of  the  tail  oil  was 
approximately  11%  and  that  of 
ethylene  oxide  was  36%,  the  intro¬ 
duction  of  additional  ethenoxy  units 
would  lower  the  carbon  and  hydro¬ 
gen  content  of  the  nonionic  esters. 
Hence,  carbon  and  hydrogen  anal¬ 
yses  of  the  products  should  provide 
a  measure  of  the  ethylene  oxide  con¬ 
tent.  However,  the  carbon  and  hy¬ 
drogen  content  of  the  original  tall 


oil  must  be  known  with  some  cer¬ 
tainty.  The  various  constitutents  in 
the  tall  oil  used  in  these  condensa¬ 
tions  had  been  reported,2  and  from 
these  a  tentative  formula  was  cal¬ 
culated  (table  1).  A  carbon  and 
hydrogen  analysis  was  performed  on 
this  tall  oil  and  exceptionally  good 
agreement  was  obtained. 

Thus,  from  the  above  analytical 
data  an  empirical  formula  of  C18.GG 
H32.e7Ox.og  was  obtained  for  triple- 
distilled  Indusoil.  From  these  fig¬ 
ures,  theoretical  percentages  of 
carbon  (77.61%)  and  hydrogen 
(11.41%)  were  calculated.  By  com¬ 
bustion  analysis,  carbon  values  aver¬ 
aged  77.55%  and  hydrogen  values 
of  11.09%  were  obtained  on  this 

2  F.  J.  Ball  and  W.  G.  Vardell,  Jour.  Am.  Oil 
Chem.  Soc.,  28,  137  (1951). 


Table  1. — Calculation  of  Carbon  and  Hydrogen  Content  of  Tall  Oilo 


Proportions  of 

Constituent 

Mole  fraction 

Empirical  formula 

Carbon 

Hydrogen 

Oxygen 

( )leic  acid . 

0.310 

C18H34O2 

5.58 

10.54 

Linoleic  acid . 

0.331 

C18H32O2 

5.96 

10.59 

Palmitic  acid . 

0.048 

C16H32O2 

0.77 

1.53 

Abietic  acid 

Neoabietic  acid  }• . 

0.148 

C20H30O2 

2.96 

4.44 

Levopimaric  acid  J 
Dihydroabietic  acid  \ .  .  .  . 

0.087 

C20H32O2 

1.74 

2.78 

Dextropimaric  acid  / 
Tetrahydroabietic  acid . .  . 

0.041 

C20H34O2 

0.82 

1 . 39 

Dihydroabietic  acid . 

0.015 

C20H28O2 

0.30 

0.42 

1.96 

/3-Sitosterol . 

0.010 

C29H48O 

0.29 

0.48 

0.01 

Lignoceryl  alcohol . 

0.010 

C24H50O 

0.24 

0.50 

0.01 

1  1  M 

18.66 

32.67 

1.98 

a)  Triple  distilled  Indusoil. 
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starting  material ;  these  figures  were 
used  as  a  basis  for  further  calcula¬ 
tion  of  the  ethenoxy  content.  For 
example,  an  empirical  formula  for 
the  ester  containing  six  ethylene 
oxide  units  was  determined  by  add¬ 
ing  C12H2406  (i.e.  6  x  C2H40)  to 
the  above  formula  for  tall  oil.  The 
percentage  carbon  in  the  resultant 
ester  was  calculated.  In  this  way, 
the  carbon  content  of  tall  oil  esters 
containing  from  6  to  23  ethylene 
oxide  units  were  calculated  and  a 
graph  was  constructed  in  which  the 
carbon  content  vs.  ethenoxy  units 
were  plotted.  From  this  curve  (fig. 
1)  knowing  the  percent  carbon  of  the 
ester  by  the  combustion  method,  one 
can  read  off  the  ethylene  oxide  con¬ 
tent  of  the  nonionic  ester.  Table  2 
indicates  the  actual  percentages  of 
carbon  and  hydrogen  obtained  ex¬ 
perimentally  on  the  various  tall  oil- 
ethylene  oxide  condensates  in  com¬ 
parison  with  calculated  C  and  H 
values. 

From  the  values  in  table  2,  it  be¬ 
comes  evident  that  only  the  carbon 
content  is  of  any  value  in  ascertain¬ 
ing  ethenoxy  content  since  the  ex¬ 
perimental  error  in  determining  car- 


Table  2. — Carbon  and  Hydrogen  Analyses  of  Nonionic  Esters. 


Number  of  Ethenoxy  units 

Calculated  values 

Ester 

Actual 

values 

%c 

%  H 

%c 

%  H 

6 

GO.  58 

10.33 

A 

66 . 09 

9.96 

8 

64.92 

10.17 

B 

64.31 

10.01 

10 

63 . 67 

10.04 

12 

62.68 

9.95 

C 

62 . 67 

10.04 

14 

61.90 

9.87 

D 

61.94 

9.55 

16 

61.24 

9.81 

E 

61.17 

9 . 59 

18 

60 . 69 

9.75 

F 

60.75 

9.90 

20 

60 . 26 

9 . 69 

G 

60 . 08 

9 . 35 

23 

59 . 68 

9 . 66 

H 

59 . 90 

9.64 

Fig.  1. — Variation  in  carbon  content 
with  ethenoxy  chain  length  of  a  tall  oil 
nonionic. 


bon  and  hydrogen  is  usually  consid¬ 
ered  to  be  in  the  neighborhood  of 
±  0.2%. 

The  ethenoxy  content  of  the  syn¬ 
thetic  esters  determined  from  the 
carbon  analyses  with  the  aid  of  fig- 
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Table  3. — Comparative  Analyses  of  Polyetlienoxy  Tallates. 


Nonionic  detergent 

Number  of  Ethenoxy  Units 

From 
Weight  of 
materials 

From 

Saponification 

equivalent 

From 

carbon 

analyses 

From 

iodine 

number 

Average 

A 

6 

G.5 

6.6 

6.8 

6.5 

B 

8 

8.1 

8.9 

9.50 

8.6 

C 

12 

12.0 

12.0 

12.0 

12.0 

D 

13.2 

13.1 

13.9 

13.5 

13.4 

E 

15.2 

13.9 

16.2 

16.6 

15.5 

F 

17.1 

15.0 

17.7 

18.5 

17.1 

G 

19.1 

18.6 

20.6 

23.1* 

19.4 

H 

22.9 

21.9 

21.6 

23.8 

22.5 

*  Discarded. 


lire  1  is  listed  in  table  3  in  compari¬ 
son  with  that  obtained  by  other 
analytical  procedures. 

Method  C.  Iodine  Titration 

Since  tall  oils  generally  contain 
unsaturated  linkages,  and  this  par¬ 
ticular  one  possessed  an  iodine  num¬ 
ber  of  181,  addition  of  ethylene  oxide 
reduces  the  iodine  number  of  the 
product  proportionally.  The  anal¬ 
ysis  for  iodine  number  was  carried 
out  by  the  AOAC3  procedure. 

In  a  typical  analysis,  a  0.2  g.  sam¬ 
ple  is  weighed  into  a  glass  stoppered 
flask  and  25  ml.  of  iodine  monochlor¬ 
ide  solution  (Wijs)  is  added,  and  the 
mixture  is  allowed  to  stand  for  one 
hour  in  a  dark  place  with  occasional 
shaking.  Ten  ml.  of  potassium  io¬ 
dide  solution  and  100  ml.  of  water 
are  added  and  the  mixture  is  titrated 
with  standard  sodium  thiosulfate 
solution.  The  iodine  number  is  re¬ 
ported  as  the  number  of  centigrams 
of  I  required  for  one  gram  of  fat. 
From  the  iodine  number  of  the  origi- 

3  “Methods  of  Analysis  of  the  Association  of  Offi¬ 
cial  Agricultural  Chemists,”  ed.  5,  AOAC,  Wash¬ 
ing-ton,  D.  C.,  1940,  p.  95. 


na,l  tall  oil  (IT.o.  in  this  case  181), 
the  molecular  weight  of  the  tall  oil 
(M.W.t.o.  in  this  case  289)  and  the 
iodine  number  of  the  ethenoxy  ester 
(Ie),  the  number  of  ethylene  oxide 
units  (n)  in  the  ester  may  be  cal¬ 
culated  as  follows: 

x 

It.o.  - M  —  Mt  0. 

Ie 

n  =  - 

44 

The  actual  values  for  the  number 
of  ethylene  oxide  units  as  deter¬ 
mined  by  the  iodine  method  are  list¬ 
ed  in  table  3. 

The  average  values  obtained  here¬ 
in  were  employed  in  the  succeeding 
work  on  physical  properties  of  these 
nonionic  esters.4 

Conclusions 

Nonionic  detergent  esters  were 
synthesized  and  examined  in  several 
different  ways  for  their  ethenoxy 
content.  It  became  evident  that  as 
the  molecular  weight  increased,  the 

4  V.  Cronin  et  al.,  Trans.  Ill.  Acad.  Sci.,  vol.  47 
(1955). 
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precision  of  each  analysis  decreased. 
From  the  standpoint  of  time  and  ac¬ 
curacy,  it  is  recommended  that  the 
iodine-number  method  be  used  for 
the  determination  of  ethenoxy  con¬ 
tent  of  these  esters,  particularly  with 


esters  of  lower  molecular  weight. 
With  those  of  higher  molecular 
weight,  it  seems  desirable  to  use  the 
weights  of  the  starting  materials  and 
final  product  to  determine  the  degree 
of  substitution. 
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BACTERICIDAL  NONIONIC  DETERGENTS 

H.  J.  FERLIN  and  Jv  V.  KARABINOS 

Blockson  Chemical  Company,  Joliet 


As  reported  in  a  previous  publica¬ 
tion,1  the  condensation  product  of 
tall  oil  and  ethylene  oxide  (poly- 
ethenoxy  tallate)  was  treated  with 
ozone  and  pronounced  bactericidal 
activity  of  the  ozonide  was  noted.  In 

4/ 

conjunction  with  this  problem,  it 
was  found  that  the  corresponding 
oleic  ester  also  showed  germicidal 
activity.  The  active  principle  re¬ 
sponsible  for  this  phenomenon  was 
thought  to  be  pelargonic  acid,  an 
oxidation  product  of  oleic  acid.  It 
was  later  found  that  other  fatty 
acids  in  the  C0  to  C12  range  possess 
bactericidal  activity  which  was 
markedly  accentuated  by  increasing 
acidity.2 

This  study  is  concerned  with  a 
closer  scrutiny  of  the  nature  of  the 
bactericidal  activity  of  ozonized 
nonionic  detergents  from  tall  oil  to 
determine  whether  the  activity  is  due 
to  the  pelargonic  acid  alone,  or 
whether  ozone  itself,  the  ozonide,  or 
some  other  factor  plays  a  role. 

Experimental 

Preparation  of  materials.  —  The 
polyethenoxy  tallate,  abietate,  and 
oleate  were  prepared  by  condensa¬ 
tion  of  one  part  by  weight  of  the  re¬ 
spective  acid  with  two  parts  by 
weight  of  ethylene  oxide  gas  using 
the  method  described  in  the  preced¬ 
ing  paper.3 

1  H.  J.  Ferlin,  A.  T.  Ballun,  and  J.  V.  Karabinos, 
Jour.  Am.  Oil  Chem.  Soc.,  31,  103  (1954). 

2  J.  V.  Karabinos  and  H.  J.  Ferlin,  Jour.  Am. 
Oil  Chem.  Soc.,  31,  228  (1954). 

3A.  T.  Ballun,  G.  E.  Bartels,  and  J.  V.  Karabinos, 
Trans.  Ill.  Acad.  Sci.,  vol.  47  (1955). 


Twenty  grams  of  non  ionic  deter¬ 
gent  was  weighed  in  a  tared  appar¬ 
atus  suitable  for  the  quantitative  ad¬ 
sorption  of  ozone.  The  ozone  gas 
was  generated  in  the  previously  de¬ 
scribed  apparatus1  and  passed  into 
the  polyethenoxy  ester  until  no  in¬ 
crease  in  weight  was  noted,  usually 
about  15  to  20  hours.  The  percent¬ 
age  of  ozone  taken  up  by  each  20- 
gram  sample  of  detergent  is  shown 
in  table  1  with  the  number  of  oxygen 
atoms  for  each  unsaturated  group. 

Bacteriological  procedure.  —  The 
bacteriological  procedure  is  essen¬ 
tially  the  same  as  that  outlined  in  a 
previous  paper.1  However,  for  pur¬ 
poses  of  accuracy  and  uniformity, 
one  modification  was  made — a  0.2  ml. 
portion  of  a  24-hour  culture  of 
Staphylococcus  aureus  A.T.C.C.  No. 
6538,  instead  of  the  customary  0.1 
ml.,  was  used.  This  was  done  pri¬ 
marily  to  afford  a  wide  range  of 
dilutions  with  a  minimum  number 
of  tubes,  so  that  a  given  sample  of 
the  ozonide  could  be  used  without 
permitting  any  dilution  to  stand 
while  another  group  of  dilutions  was 
being  tested.  This  was  done  because 
of  the  instability  of  the  ozonide,  espe¬ 
cially  during  the  time  immediately 
following  the  ozonization.  The  ac¬ 
tivity  of  a  1 :100  dilution  dropped  off 
as  much  within  24  hours  as  the  un¬ 
diluted  ozonide  did  in  over  3  weeks. 

The  results  obtained  with  each  of 
the  polyethenoxy  ozonides  are  shown 
in  figure  1. 
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Table  1.— Ozonides  of  Polyethenoxy  Esters. 


Polyethenoxy 

ester 

%  ozone 
taken  up 
by  weight 

No. 

unsaturations 

(calc’d.) 

No. 

oxygen  atoms 
per  mole  of  ester 

No.  oxygen 
atoms  per 
unsaturation 

Tallate . 

10.7 

1.7 

5.9 

3.5 

Abietate . 

7.3 

2.0 

4.5 

2.2 

Oleate . 

7.5 

1.0 

4.3 

4.3 

Discussion  of  Results 

From  table  1  it  should  be  noted 
that  the  oleate  and  tallate  absorbed 
more  than  3  atoms  of  oxygen  for 
each  unsaturated  linkage  as  pre¬ 
scribed  by  theory  while  the  abietate 
took  up  somewhat  less  weight.  From 
figure  1  it  is  to  be  noted  that  the 
aliphatic  ozonides  (A  and  B)  pos¬ 
sess  a  large  initial  bactericidal  ac¬ 
tivity  which  falls  off  rapidly  to  an 
activity  in  the  neighborhood  of  pel- 


Fig.  1. — Loss  of  bactericidal  activity 
with  time  of  ozonized  polyethenoxy  de¬ 
tergents  prepared  from:  A,  oleic  acid; 
B,  tall  oil;  and  C,  abietic  acid, 


argonic  acid  itself.  This  initial  ac¬ 
tivity  is,  however,  not  shown  by  the 
polyethenoxy  abietate  ozonide  ( C ) . 
It  would  seem  therefore  that  this 
initial  activity  is  not  due  to  the 
simple  addition  of  ozone  to  all  un¬ 
saturated  linkages,  nor  to  pelargonic 
acid  alone.  It  was  noted  also  that 
polyethenoxy  oleate  did  not  lose 
weight  upon  standing;  thus,  the  ini¬ 
tial  activity  could  not  have  been  due 
to  the  liberation  of  nascent  oxygen 
by  these  aliphatic  ozonides.  '  To  de¬ 
termine  whether  the  polyethenoxy 
group  plays  any  role  in  the  bacteri¬ 
cidal  activity,  oleic  acid  was  ozon¬ 
ized  and  absorbed  4  atoms  of  oxygen. 
The  initial  activity  was  found  to  be 
very  high  with  the  highest  dilution 
giving  negative  growth  being  about 
1 :85,000.  This  activity  dropped  off 
rapidly  upon  standing.  It  seemed 
that  tlie  initial  activity  was  tied  up 
in  some  way  with  the  ozonization  of 
aliphatic  carbon  to  carbon  double 
bonds  and  had  little  to  do  with  the 
detergents  themselves.  From  table 
1  it  appears  that  the  “ozonides”  of 
the  oleate  or  tallate  take  up  more 
than  the  3  atoms  of  oxygen  as  re¬ 
quired  by  theory  for  an  ozonide  (I) 
and  may  be  in  the  neighborhood  of 
4  atoms  of  oxygen  for  each  unsatura¬ 
tion.  A  peroxide  formula  such  as 
(II)  would  answer  these  require¬ 
ments, 
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It  may  be  that  a  peroxide  formula 
such  as  II,  upon  standing,  slowly  re¬ 
arranges  to  the  corresponding  acids 
such  as  pelargonic  and  azelaic,  in  the 
case  of  oleic  acid.  Further  experi¬ 


ments  are  underway  to  determine  the 
nature  of  this  bactericidal  activity  of 
various  ozonides  of  aliphatic  and 
alicyclic  olefin  compounds.  It  would 
appear  that  only  a  small  part  of  the 
activity  of  polyetlienoxy  tallate  or 
oleate  ozonides  is  actually  due  to  the 
pelargonic  acid  itself,  and  that  the 
initial  germicidal  activity  is  appar¬ 
ently  due  to  some  peculiarity  in  the 
structure  of  the  “ozonicle”  such  as 
represented  by  II. 
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ELBERT  H.  HADLEY,  JAMES  GOGGIN,2  and  CLARENCE  HABERMAN3 
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Six  possible  resonating  structures 
may  be  written  for  thiophene  (fig. 
1).  Nucleophyllic  substitution  in 
forms  4  to  6  would  add  the  entering 
substituent  at  the  sulfur  atom  which 
would  lead  either  to  rearrangement 
or  rupture  of  the  ring.  Form  2 
would  give  predominantly  the  3- 
substituted  derivative.  Since  mono- 
substitution  was  found  to  give  pre¬ 
dominantly  the  2-isomer  in  all  our 
work,  we  have  concluded  that  form 
3  is  the  most  important  resonating 
charged  form. 

Formation  of  a  disubstituted  de¬ 
rivative  from  the  2-monosubstituted 
thiophene  would  theoretically  yield 
a  mixture  of  2,3-  and  2,5-derivatives 
if  the  monosubstituent  were  ortho- 
para-directing  on  the  benzene  ring, 
while  a  meta-directing  group  on  the 
2-position  of  thiophene  would  yield 
a  2, 4-derivative.  Our  experience  has 
shown  that  regardless  of  whether  the 
monosubstituent  in  the  2-position  is 
ortho-para-  or  meta-directing,  a  sec¬ 
ond  substituent  enters  the  5-position 
preferentially.  This  again  would 
show  form  3  of  the  resonance  forms 
of  thiophene  to  be  predominant  since 
there  are  two  isomeric  resonating 
forms  of  form  3.  Although  a  2,3- 
disubstituted  derivative  is  possible 
with  the  monosubstituent  as  a  typical 
electron  withdrawing  group  because 
of  the  alternate  polarization  of  the 


1  Research  supported  by  a  grant  of  the  Research 
Corporation,  New  York,  N.  Y. 

2  Present  address:  Mallinckrodt  Chemical  Co.,  St. 
Louis,  Mo. 

3  Present  address:  A.E.C.  Laboratory,  Iowa  State 
College,  Ames,  Iowa. 


various  positions  around  the  ring, 
still  the  2,5-derivative  seems  to  be 
formed  because  of  the  greater  direc¬ 
tive  influence  of  the  sulfur  atom  (fig. 
2).  The  same  is  true  with  a  mono- 
substituent  that  tends  to  activate  the 
4-position. 

2-Nitrothiophene-5-Carboxylic 

Acid 

Attempts  to  prepare  this  com¬ 
pound  were  made  by  five  different 
methods  (fig.  3). 

1. — Acetyl  thiophene  was  readily 
obtained  (68%  yields),  but  subse¬ 
quent  nitration  gave  less  than  5% 
yield  of  2-acetyl-5-nitrothiophene. 
During  nitration  two  side  reactions 
occurred  :  ( 1 )  the  acetyl  group  was 

removed  with  the  formation  of  a 
mixture  of  2-nitrothiophene  and  2,5- 
dinitro  thiophene ;  and  (2)  the  thio¬ 
phene  ring  was  destroyed.  Removal 
of  the  acetyl  group  cannot  be  ex¬ 
plained  merely  by  the  effect  of  the 
nitric  acid,  since  later  it  was  found 
that  other  monosubstituted  deriva¬ 
tives  could  be  nitrated.  Destruction 
of  the  thiophene  ring  can  be  ex¬ 
plained  by  the  presence  of  the  reso¬ 
nating  charged  forms  4  to  6.  Oxida¬ 
tion  of  the  acetyl  group  prior  to  ni¬ 
tration  was  also  unsuccessful  and 
gave  comparable  results. 

2  and  3. — Bromination  followed 
by  nitration  gave  50%  yields  of  2- 
bromo-5-nitro  thiophene.  Repeated 
attempts  to  prepare  the  Grignard 
reagent  were  unsuccessful.  Ap¬ 
parently  the  presence  of  the  nitro 
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group  causes  the  bromine  atom  to 
be  less  active ;  the  starting*  material 
was  recovered  unchanged.  Likewise 
attempts  to  form  the  2-nitro-5-nitrile 
from  the  corresponding  nitro-bromo 
derivative  resulted  in  recovery  of  the 
starting  material. 

4  and  5. — The  2-iodo-5-nitrothio- 
phene  was  obtained  in  50%  yields. 
Attempts  to  prepare  the  more  active 
sodio  derivative  with  subsequent 
carbonation  resulted  in  the  apparent 
disruption  of  the  molecule.  The 
presence  of  the  nitro  group  may 
cause  attachment  of  the  sodium  atom 
to  the  sulfur  atom  with  resulting 
ring  scission.  In  the  hope  that  the 
iodine  atom  would  be  more  labile 
than  the  corresponding  bromine 
atom,  we  attempted  to  prepare  the 
nitro-nitrile  from  the  nitro-iodo  de¬ 
rivative,  but  again  the  starting  prod¬ 
uct  was  recovered. 

All  the  above  reactions  are  re¬ 
ported  in  the  literature  for  aromatic 
derivatives  and/or  simple  thiophene 
derivatives.  The  inability  to  form 
nitrothiophene-carboxylic  acid  in 
over  5%  yields  by  any  of  the  above 
methods  can  be  attributed  to  one  of 
three  causes:  (1)  rupture  of  the 
thiophene  ring  possibly  because  the 
entering  group  attaches  onto  the  sul¬ 
fur  atom;  (2)  removal  of  other 
groups  from  the  ring  particularly 
during  nitration ;  and  (3)  inhibition 
by  the  nitro  group  of  the  normal 


reaction  of  other  groups  attached  to 
the  ring. 

Thiophene-2, 5-Dicarboxylic  Acid 

Five  different  methods  were  used 
in  attempting  to  prepare  this  com¬ 
pound  (fig.  4). 

1.  — Because  2-acetyl  thiophene  is 
easily  prepared  and  oxidized  to  the 
corresponding  acid,  we  attempted  to 
prepare  the  2,5-diacetyl  thiophene. 
An  acetyl  group  in  the  2-position 
seemed  to  cause  the  remaining  posi¬ 
tions  on  the  thiophene  ring  to  become 
less  active,  since  less  than  a  5%  yield 
of  a  diacetyl  derivative  could  be  ob¬ 
tained. 

2,  3,  4,  and  5. — We  attempted  to 
prepare  the  dicarboxylic  acid  from 
2,5-dibromothiophene  by  (2)  prior 
formation  of  the  dinitrile,  (3)  direct 
carbonation  of  the  disodio  derivative, 
(4)  Grignard  reaction  and  (5)  reac¬ 
tion  with  ethyl  cliloroformate.  At¬ 
tempts  to  form  the  dinitrile  resulted 
in  recovery  of  the  starting  product. 
Attempts  at  direct  carbonation  re¬ 
sulted  in  decomposition  of  the  mole¬ 
cule.  This  plus  prior  work  seemed 
to  indicate  that  the  metallation  reac¬ 
tion  is  somewhat  specific  and  not 
generally  applicable.  Attempts  to 
form  the  Grignard  reagent  resulted 
in  an  unexpected  removal  of  one 
bromine  atom  with  the  subsequent 
formation  of  only  thiophene-2-car- 
boxylic  acid.  A  comparable  reaction 
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resulted  wlien  ethyl  cliloroformate 
was  used. 

In  all  our  experimental  attempts 
to  prepare  a  disubstituted  derivative 
of  thiophene  by  direct  substitution, 
it  was  noticed  that  only  when  the 
monosubstituent  is  a  strong  electron- 
attracting  group  could  a  second  sub¬ 
stituent  be  introduced.  Thus  the 
diacetyl-,  acetyl-nitro-,  and  nitro- 
carboxylic  acid  could  not  be  obtained 
easily.  According  to  the  literature 
this  is  also  true  with  the  dialkyl- 
derivatives.  However,  the  dinitro, 
dibromo,  nitro-bromine,  and  the  cor¬ 
responding  chloro  and  iodo  com¬ 
pounds  could  be  obtained  with  rela¬ 


tive  ease.  Furthermore,  replace¬ 
ment  of  a  negative  group  when  a 
second  negative  group  was  also  at¬ 
tached  to  the  ring  did  not  occur  with 
what  could  be  considered  normal 
ease.  Whether  this  is  a  general  rule 
or  a  coincidence  can  be  determined 
only  by  further  work. 
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The  condensation  of  aldehydes  and 
amides  according  to  the  reaction  H  0 

i  / 

O  O  N— C— R 

//  //  / 

R— C  4-  2  R— C  =  R— C— H  +  H  0 

\  \  \ 

H  NH,  N— C— R 

I  \ 

H  0 


has  been  known  for  many  years  (15) , 
and  appears  to  be  quite  general  for 
either  alipatic  or  aromatic  alde¬ 
hydes  and  amides.  However,  with 
the  exception  of  the  work  of  Noyes 
and  Forman  (10),  information  on 
yields  in  this  type  of  synthesis  has 
been  meagre  (2,  8,  9,  11,  12,  13,  14, 
15). 

Work  in  progress  in  our  labora¬ 
tory  has  shown  that  very  satisfac¬ 
tory  yields  can  be  obtained  by  re¬ 
moving  the  water  formed  by  an 
azeotropic  distillation  with  solvents 
like  benzene,  tolnene,  or  xylene,  the 
water  being  taken  out  of  the  reflux¬ 
ing'  solvent  by  a  Sohxlet  extractor 
containing  a  drying  agent.  This 
procedure  eliminates  the  need  for  a 
catalyst,  such  as  acetic  acid,  which 

0  0 

/  / 

R-C  +  H-C 

\  \ 

II  NH, 


was  used  by  Noyes  and  Forman,  and 
circumvents  the  darkening  of  the  re¬ 
action  mixture  which  was  noted  by 
these  authors.  Our  preparations  are 
summarized  in  table  1,  and  our  gen¬ 
eral  method  is  described  below. 

The  reaction  was  not  successful 
with  the  aldehydes  containing 
phenolic  groups.  Panclya,  who  had 
reported  a  number  of  hydroxy- 
benzylidenebisamides  (6),  found 
that  salicylaldehyde  and  amides  con¬ 
dense  to  compounds  of  the  type 
o-HO-C0H  —  CH=N-COR  (7). 

Our  interest  in  the  bisamide  con¬ 
densation  stemmed  from  a  study  of 
the  Leuekart  reaction,  in  which 
formamide  is  reacted  with  an  alde¬ 
hyde  or  ketone,  generally  in  the  pres¬ 
ence  of  formic  acid,  as  follows : 


OH  HCOJT 

R-C-N-CHO  R-C1L-N-CHO  +  CO,  +  11,0 

IIH  H 

I 


[94] 


Table  1. — Condensation  of  Aldehydes  With  Acetamide. 


95 


Synthesis 


of  B enzyliden e hisacetamid e 


-<P''P®COi— ICMCCCO®"*1 
C^WMOOccWOOC'CO't 


05  TP  05  ^P  GO 

1-10  O  t-  Ol 


rjl 


03 

£ 


03 


« 


l7(N'7H‘7lMl7Hi700 
*~l  t-  CO  CO  t~  <-<  CO 

OhOhOhUh 


oi  o3  o3  o3  o3 

O  'C  Q  'O  O  £  U  ,o  O  'C 

a  — 5  £  <—>  .-H  S  a  c 

o3^o3^o3j2o3^o3o3 

CoGocgSoGo 


^  CO 

b  05 

^  rH 

a  a 

«  tH 

B  ^ 

o3 

cS 

U  n£ 

Q 

*  pH 

-H-  £ 

o3  £ 

o3  5 

O 

fl  O 

a 

<i  a 

a 

CO  s 

CO  .2 

O 

pH 

O 

a 

C3 

CO  a 

1— 1 

a 

CO 

a 

03 

03 

03 

a 

03 

, 

a 

a 

a 

-o  a 

•  pH 

f— ( 

•r“* 

r~j 

,—3 

a .£ 

pH 

•PH 

•rH 

03 

D  w 

m 

«2 

O  <13 

03 

03 

<ja« 

a 

a 

03 

i- 


cO  irt 

p-<  f-H 

<X>  0> 


•ph 

a 


O 

tP 


rt 

V 

CO 

io 

LO 

• 

rH 

• 

• 

03 


LO 

GO  05  CM  t- 

"P  -tP  t-  ^  <50 

CO 


CO 

'ip 


co  t— 

CO  CO  o 
CO  ''P 


o 

b 


o 


03 

>■ 


a 

o 

a 


£ 


CO 

GO 


no 

oi 

LO 

05 

'Ip 

Ol 

l>- 

Oi 

r—i 

OO 

ca 

oa 

i 

CO 

00 

1 

CO 

oo 

CO 

C<J 

s— ^ 

CM 

CO 

T— 1 

Cl 

e- 

CM 

^ZJ 

CM 

CO 

CM 

o 

CM 

o 

00 


I 

LO 

t— 


Trt  u 

C3  ^ 

03  o 

o 

a 


Cl 

Cl 

/"“V 

Cl 

a 

a 

cc 

a 

u 

o 

a 

o 

o 

o 

o 

o 

o 

a 

a 

a 

a 

a 

a 

a 

a 

a 

o 

1 

u 

1 

o 

1 

»D 

a 

a 

»D 

a 

6 

u 

d 

a 

a 

o 

O 

K 

5 

a 

a 

a 

CD 

O 

6 

CO 

a 

a 


a 

a 

o 

a 

a 

a 

a 

a 

I 

o 

w 

a 

▼p 

a 


a 

a 

o 

a 

a 

a 

a 

o 


V'  \ 

z 

\/ 

Cl 

a 


a 

a 
o 
a 

a 

a 

a 

a 

a 

a 

ll 

a 

o  o 
a; 

a 


a 

a 

o 

a 

a 

a 

a 

a 

tP 

a 

CD 

O 

Cl 

o 

a 

i 

£ 


03 

rO 

a 

03 

H3 

r— l 


o 

a 

a 

10 

a 

CJ 

a 


o 

a 

o 

1- 

a 

CO 

a 


o 

a 

a 

»0 

a 

CD 

V 


o 

a 

a 

’■p 

a 

CD 

U 

6 

CO 

a 

a 


o 

a 

a 


\ 

c 

:/ 


o 

a 

a 


V  \ 

o  o 

v 

a 


o 

w  2 

a  a 


o 

^p 

a 

CD 

O 

«  ° 

a  £ 

a  a 

o 


a 

a 

a 


o3 

r* 


03 

TD 

3^ 

'S  a> 

2  § 

03  03 

a.  b 

o  ^ 

03 

C/3 


a)  These  authors  reported  a  51.7%  yield  with  a  4:1  ratio  of  amide  to  aldehyde. 
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It  appears  likely  that  the  mechan¬ 
ism  for  the  first  step  in  both  the 
bisamide  and  Leuckart  reactions  is 
the  same.  The  intermediate  I  can 
react  with  more  formamide  by  a 
split-out  of  water  to  form  the  bis- 
formamide  (10,  2),  or  can  undergo 
reduction  by  formic  acid  to  form  an 
alkyl  formamide.  Since  the  bis- 
formamides  undergo  decomposition 
at  high  temperatures  to  form  very 
high-melting  cyclic  nitrogen  com¬ 
pounds  (12,  2),  we  suspect  that  small 
amounts  of  very  high-melting  com¬ 
pounds  obtained  as  side-reaction 
products  in  some  Leuckart  reactions 
in  our  laboratory  may  have  been 
formed  by  this  route. 

Experimental 

The  general  method  used  for  the 
preparation  of  alkylidene  or  benzyli- 
denebisamides  was  as  follows : 

The  aldehyde  (0.1  mole)  and 
acetamide  (0.2  mole)  were  placed 
with  100  ml.  of  benzene  in  a  250 
ml.  round-bottomed  flask,  to  which  a 
Sohxlet  extractor  containing  ap¬ 
proximately  50  g.  of  freshly  dehy¬ 
drated  MgS04  was  attached,  along 
with  a  condenser.  The  reaction  flask 
was  maintained  at  refluxing  tem¬ 
perature  for  48  hours  by  means  of 
an  oil  bath  heated  by  an  electric  hot 
plate.  By  that  time,  much  solid  was 
generally  apparent  in  the  reaction 
mixture,  which  was  removed  by  fil¬ 
tration  after  the  flask  was  cooled. 
The  precipitate  was  washed  with 
small  portions  of  acetone  to  remove 
traces  of  starting  materials,  allowed 
to  dry,  and  then  weighed.  The  prod¬ 
ucts  were  all  white,  usually  fibrous- 
appearing  crystalline  solids.  The 
analysis  samples  shown  in  table  1 
were  recrystallized  once  from  eth¬ 


anol  and  dried  under  vacuum  at 
100°C. 

Substitution  of  calcium  chloride 
or  calcium  sulfate  for  magnesium 
sulfate  as  the  drying  agent  in  the 
Sohxlet  permits  condensation,  but 
the  yields  with  these  other  agents 
have  not  yet  been  examined.  Reac¬ 
tion  time  is  shortened  (as  judged  by 
appearance  of  solid  in  the  reaction 
mixture)  by  using  toluene  or  xylene 
in  place  of  benzene,  but  a  compari¬ 
son  of  yields  with  the  different  sol¬ 
vents  has  not  been  made. 


Summary 

An  azeotropic  distillation  method 
for  the  removal  of  water  formed  in 
the  condensation  of  certain  alde¬ 
hydes  with  acetamide  has  resulted  in 
yields  of  alkylidene-  and  benzyli- 
dene-  bisacetamides  which  appear 
generally  improved  over  those  re¬ 
ported  in  the  literature.  Some  liy- 
droxylated  compounds  failed  to  re¬ 
act  satisfactorily. 
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EFFECTS  OF  AIR  OXIDATION  ON  THE  PLASTIC 
PROPERTIES  OF  COALS  AS  MEASURED  BY  THE 

GIESELER  PLASTOMETER 

O.  W.  REES,  E.  D.  PIERRON  and  K.  F.  BURSACK* 

State  Geological  Survey,  Urbana 


The  Illinois  Geological  Survey  has 
studied  for  many  years  the  plastic 
properties  of  coals,  particularly  in 
connection  with  its  research  program 
on  the  use  of  Illinois  coals  in  blends 
for  making  metallurgical  coke.  The 
Gieseler  plastometer  has  been  used 
for  determining  these  properties.  It 
was  built  in  the  Survey’s  machine 
shop  and,  with  the  exception  of  cer¬ 
tain  modifications,  is  similar  to  that 
described  by  Sotli  and  Russell.1 

Basically,  the  Gieseler  plastometer 
provides  a  means  of  heating  the  coal 
sample  in  the  plastometer  proper. 
Inside  the  plastometer,  in  intimate 
contact  with  the  coal,  is  a  stirring 
shaft  with  rabble  arms  to  which  is 
applied  a  constant  torque  through 
appropriate  pulleys.  When  a  cok¬ 
ing  coal  is  heated,  it  softens  and  per¬ 
mits  the  stirring  shaft  to  turn.  By 
means  of  a  dial  mounted  on  one  of 
the  pulleys,  the  rate  of  turning  may 
be  measured.  A  thermocouple  in  the 
heating  bath  permits  temperature 
observations  to  be  made. 

Values  determined  with  this  in¬ 
strument  are  as  follows : 

Softening  temperature  —  The 
temperature  at  which  dial-pointer 
movement  reaches  0.5  dial  divi¬ 
sions  per  minute. 

Fusion  temperature — The  tem¬ 
perature  at  which  dial-pointer 

1  G.  C.  Soth  and  0.  C.  Russell,  Proc.  Am.  Soc. 
Testing1  Mats.  Ip,  117(5  (1948). 

*  Last  known  address:  218  E.  5th  Street,  Dewey, 
Okla. 


movement  reaches  5.0  dial  divi¬ 
sions  per  minute. 

Maximum  fluid  temperature  — 
The  temperature  of  maximum  rate 
of  dial-pointer  movement. 

Setting  temperature — The  tem¬ 
perature  at  which  dial-pointer 
movement  stops. 

Maximum  fluidity — The  maxi¬ 
mum  rate  of  dial-pointer  move¬ 
ment  in  dial  divisions  per  minute. 
It  is  well  known  that  the  freshness 
of  the  sample  is  important  in  analy¬ 
sis  and  testing  of  coal.  Therefore, 
it  was  necessary  to  obtain  some  in¬ 
formation  on  the  effect  of  time  of 
sample  storage  (air  oxidation)  on  re¬ 
sults  obtained  in  the  Gieseler  test. 
Accordingly,  determinations  were 
made  on  three  coals,  representing 
high-volatile  bituminous  A,  B,  and 
C  ranks  at  increasing  intervals  of 
storage  time. 

High- Volatile  Bituminous  A  Coal 

About  50  kilograms  of  this  coal, 
2  by  3  inches,  were  stored  in  a  10- 
gallon  can  with  a  hermetically  sealed 
top.  For  each  Gieseler  determina¬ 
tion  about  one  kilogram  of  coal  was 
withdrawn  from  the  can,  air  dried 
over  night,  and  pulverized  to  minus- 
40-mesh  size  for  test.  Results  for 
this  coal  are  shown  in  table  1. 

High- Volatile  Bituminous  B  Coal 

A  sample  of  this  coal  was  crushed 
to  minus-4-rnesh  size,  air  dried,  pul- 
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Table  1. — Effect  of  Air  Oxidation  on  Plastic  Properties 
Higii-Volatile  Bituminous  A  Coal. 


Storage  time  in  days 

Softening 
temp.  °C. 

Fusion 
temp.  °C. 

Max.  fluid 
temp.  °C. 

Setting 
temp.  °C. 

Max.  fluidity 
dial  div./min. 

0 

398 

414 

442 

475 

2000 

8 

397 

418 

441 

476 

1714 

20 

398 

417 

443 

475 

600 

29 

395 

415 

443 

475 

1034 

49 

394 

414 

438 

471 

313 

Table  2. — Effect  of  Air  Oxidation  on  Plastic  Properties 
High-Volatile  Bituminous  B  Coal. 


Storage  time  in  days 

Softening 
temp.  °C. 

Fusion 
temp.  °C. 

Max.  fluid 
temp.  °C. 

Setting 
temp.  °C. 

Max.  fluidity 
dial  div./min. 

0 

400 

446 

452 

477 

7.6 

l 

405 

436 

440 

479 

6.1 

2 

405 

445 

445 

479 

5.0 

5 

406 

435 

479 

2.5 

6 

406 

440 

474 

2.2 

Table  3. — Effect  of  Air  Oxidation  on  Plastic  Properties 
High-Volatile  Bituminous  C  Coal. 


Storage  time  in  days 

Softening 
temp.  °C. 

Fusion 
temp.  °C. 

Max.  fluid 
temp.  °C. 

Setting 
temp.  °C. 

Max.  fluidity 
dial  div./min. 

0 

344 

382 

409 

451 

1250 

8 

341 

385 

415 

459 

896 

29 

387 

412 

451 

347 

82 

328 

386 

411 

447 

77 

verized  to  pass  a  40-mesh  sieve,  and 
stored  in  an  8-ounce  bottle  with  a 
closely  fitting  rubber  stopper.  As 
each  portion  was  withdrawn  for  test, 
the  bottle  was  closed  immediately  to 
limit  contact  of  the  coal  with  air. 
Results  of  tests  on  this  sample  ap¬ 
pear  in  table  2. 

High-Volatile  Bituminous  C  Coal 

The  procedure  for  preparation 
and  storage  of  this  sample  of  coal 
was  the  same  as  for  the  high-volatile 


bituminous  B  coal.  Results  are 
shown  in  table  3. 

In  summary,  reference  to  the  data 
in  tables  1,  2,  and  3  indicates  that 
oxidation  of  samples  through  in¬ 
creased  periods  of  storage  does  not 
greatly  affect  significant  tempera¬ 
ture  values  determined  in  the  Giese- 
ler  test.  However,  maximum  fluid¬ 
ity  values  appear  to  be  definitely  re¬ 
duced  by  oxidation.  For  this  reason, 
it  is  necessary  to  make  Gieseler  tests 
as  soon  as  possible  after  sampling. 
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ECONOMIC  FUNCTION  OF  DOWNSTATE 

ILLINOIS  CITIES 

ROBERT  A.  HARPER 

<! 'southern  Illinois  University,  Carbondale 


This  paper  is  a  further  experiment 
in  the  study  of  economic  functions  of 
cities,  which  has  interested  geog¬ 
raphers  for  years.  It  builds  upon 
methods  of  other  geographers,  but 
focuses  attention  on  a  different  as¬ 
pect  of  the  problem — the  compari¬ 
son  of  the  combinations  of  economic 
functions  between  cities. 

The  method  of  approach  follows 
one  used  by  Harris  in  his  early 
study.* 1  Accordingly,  the  United 
States  Census  figures  giving  the 
number  of  employed  workers  in  each 
of  the  major  industrial  groups  have 
been  used.2  Table  1  gives  these  fig¬ 
ures  for  Carbondale.  The  census 
statistics  have  been  converted  to  per¬ 
centages  to  facilitate  comparison  be¬ 
tween  cities  of  different  sizes. 

This  paper  will  attempt  to  illus¬ 
trate  an  approach  to  functional  com¬ 
bination  by  examining  the  down- 
state  Illinois  cities  of  over  10,000 
population.  The  downstate  cities  are 
here  defined  as  those  outside  the  Chi¬ 
cago  and  St.  Louis  urban  fringes. 
Eight  of  the  occupational  groupings 
from  the  census  have  been  selected 
for  study;  they  are  designated  with 
asterisks  in  table  1. 


1  Chauncy  Harris,  A  functional  classification  of 
cities  in  the  United  States:  Geog.  Review,  vol.  33, 
pp.  86-99,  1943. 

-  Table  36 — Economic  characteristics  of  the  pop¬ 
ulation,  by  sex,  for  standard  metropolitan  areas  and 
urban  places  of  10,000  or  more,  I960  United  States 
Census  of  Copulation  :  General  Characteristics. 


Table  1. — Urban  Occupational  Break¬ 
down  for  Carbondale. 


Population — 10,921  Employed — 4,066 


Employed 

Per¬ 

centage 

of 

employed 

Agriculture . 

32 

0.79 

Forestry  and  fisheries 

4 

Mining . 

33 

0.81* 

Construction . 

333 

8.19 

Manufacturing . 

359 

8.82* 

Transportation  and 
utilities . 

630 

15.49* 

Wholesale  trade . 

117 

2.88* 

Retail  trade . 

615 

15.13* 

Entertainment . 

253 

6.22 

Business  services .... 

197 

4.85 

Personal  services .... 

376 

9.25 

Professional  services. . 

249 

6.12* 

Educational  services  . 

553 

13.60* 

Administration . 

144 

3.54* 

Unreported . 

171 

4.21 

*  Used  in  urban  employment  profile. 


The  combination  of  these  eight 
functions  makes  up  what  the  author 
calls  the  employment  profile  of  a 
city  (fig.  1).  The  percentage  of 
workers  in  each  of  the  eight  industry 
groupings  is  shown  by  bars,  the 
height  of  each  bar  corresponding  to 
the  percentage  of  total  employed 
workers  in  that  industry.  This  type 
of  representation  has  been  used  be¬ 
fore,3  but  not  exactly  as  it  is  here. 

John  Alexander,  An  economic  base  study  of  Madi¬ 
son,  Wisconsin:  Wisconsin  Commerce  Papers,  vol. 

1,  no.  4  (Univ.  Wis.,  1963),  p.  90. 
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The  employment  profile  shown  is 
for  an  average  downstate  Illinois 
city  of  over  10,000  population.  The 
percentage-in-each-industry  column 
on  this  figure  was  arrived  at  by 
averaging  the  percentage  of  workers 
in  that  industry  for  the  44  downstate 
Illinois  cities. 

My  aim  in  using  the  employment 
profile  is  to  compare  the  variation 
in  profile  from  city  to  city.  Figure 
2  shows  the  profiles  for  the  44  down- 
state  cities.  Each  profile  is  com¬ 
parable  to  the  average  profile  shown 
in  figure  1.  Cities  are  not  distin¬ 
guished  by  size.  They  range  from 
Peoria,  with  over  100,000  inhabit¬ 
ants,  to  Harrisburg,  Marion,  Ma¬ 
comb,  and  Monmouth,  with  slightly 
more  than  10,000  people. 

There  is  great  variation  in  the  pro¬ 
files.  Rockford’s  profile  (R,  upper 
center),4  with  a  very  large  predomi¬ 
nance  of  manufacturing  (50%)  con¬ 
trasts  markedly  with  the  profile  of 
West  Frankfort  (WF,  south  center) 
where  mining  is  the  dominant  occu¬ 
pation  (39%).  But  Galesburg  would 
fit  into  Harris’  classification  as  a 
“diversified  city”  where  trade  and 
manufacturing  are  both  important. 

Galesburg  (G,  west  central),  per¬ 
haps  better  illustrates  the  advantage 
of  the  profile  approach.  No  single 
employment  grouping  dominates. 
Retail  trade,  manufacturing,  and 
transportation  are  almost  equal  in 
importance,  with  17,  19,  and  20  per¬ 
cent,  respectively.  Although  the  pro¬ 
file  shows  these  differences,  individ¬ 
ual  dominant  features  such  as  these 
were  effectively  shown  by  Harris’ 
method.5 

4  Cities  are  distinguished  by  initials.  Only  a  few 
cities  are  located  in  the  text.  Refer  to  an  atlas  for 
others. 

5  Chauncy  Harris,  A  functional  classification  of 
cities  in  the  United  States:  Geog.  Review,  vol.  33, 
pp.  Stf-fiQ,  1943. 


URBAN  EMPLOYMENT  PROFILE 

SHOWING  PERCENTAGE  OF  EMPLOYED  WORKERS  IN 
VARIOUS  INDUSTRIES 

EXAMPLE  THE  AVERAGE  ILLINOIS 


Fig.  1. 


Harrisburg  and  Carbondale  ap¬ 
pear  to  show  diversification,  but  not 
in  the  importance  of  manufacturing 
combined  with  trade  which  formed 
Harris’  criteria.  Harrisburg  has 
been  called  a  mining  town,  but  notice 
that  retail  trade  and  professional 
service  appear  to  be  almost  as  im¬ 
portant.  Carbondale  might  be  con¬ 
sidered  an  educational  center  under 
a  single  classification,  but  the  profile 
shows  that  trading  and  transporta¬ 
tion  are  equally  important.  Spring- 
field  (central)  is  often  considered  an 
administrative  center,  but,  although 
administration  is  abnormally  high, 
trade  and  manufacturing  are  more 
significant,  revealing  much  the  same 
values  as  other  central  Illinois  cities. 

Similarities  as  well  as  differences 
between  cities  are  revealed  in  the 
profiles.  The  similarity  of  Spring- 
field  to  other  central  Illinois  cities 
has  already  been  mentioned.  Notice 
also  the  large  number  of  cities  show¬ 
ing  a  profile  like  that  of  Rockford, 
where  manufacturing  is  overwhelm¬ 
ingly  dominant  and  other  industries 
are  of  minor  importance. 

As  seen  from  figure  2,  profile  simi¬ 
larities  and  differences  reveal  a  re¬ 
gional  character.  The  Rockford  pro¬ 
file,  with  its  greater  than  normal 
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EMPLOYMENT  PROFILES 

OOWNSTATE  CITIES  OVER  10,000  POPULATION 

1950 


PERCENTAGES  OF  TOTAL 
EMPLOYED  IN  CITY 

C  OLUMN  I  -  MINING 
COLUMN  2-  WHOLESALE  TRADE 
COLUMN  3-  RETAIL  TRADE 
COLUMN  4-  MANUFACTURING 
COLUMN  5-  TRANSPORTATION  a  UTILITIES 
COLUMN  6-  PROFESSIONAL  SERVICES 
COLUMN  7-  EDUCATIONAL  SERVICES 
COLUMN  0-  ADMINISTRAT  ION 


Fig  2. 
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amount  of  manufacturing,  is  found 
almost  without  exception  throughout 
northern  Illinois,  the  tri-city  area  of 
western  Illinois,  and  the  outer  fringe 
of  St.  Louis.  These  profiles  support 
extension  of  the  limit  of  the  United 
States’  manufacturing  belt  across 
northern  Illinois,  down  the  Illinois 
waterway,  and  into  the  St.  Louis  re- 
gion,  as  geographers  have  done. 

However,  the  profiles  of  the  north¬ 
ern  Illinois  cities  reveal  minor  vari¬ 
ations  resulting  from  differences  in 
secondary  functions.  Thus,  Wauke¬ 
gan,  near  the  Great  Lakes  Naval  Sta¬ 
tion,  shows  greater  than  average  ad¬ 
ministrative  function;  Elgin,  with 
the  state  hospital,  has  a  high  per¬ 
centage  of  professional  service.  The 
presence  of  Northern  Illinois  State 
College  can  be  seen  in  the  educa¬ 
tional  service  column  of  the  DeKalb 
profile.  Elgin  presents  a  greater- 
than-average  percentage  of  transport 
and  utility  workers.  Further,  the 
great  percentage  of  manufacturing 
in  the  tri-cities,  Rockford,  LaSalle, 
Pekin,  Peoria,  and  Kewanee  leaves 
a  lower-th an -normal  percentage  in 
most  other  industry  groupings.  But 
these  variations  do  not  alter  the  gen¬ 
eral  uniform  profile  of  these  cities. 
Only  Dixon  and  Freeport,  with 
lower  manufacturing  totals,  show  a 
major  variation  in  the  dominantly 
manufacturing  profile  of  northern 
Illinois  cities. 

In  central  Illinois,  away  from  the 
Illinois  River,  changes  occur  in  the 
urban  profile.  Manufacturing  drops 
sharply  and  is  replaced  in  most  cities 
by  a  slightly  higher  amount  of  re¬ 
tail  trade  than  revealed  further 
north.  Several  types  of  profiles  can 
be  seen.  Those  of  Decatur,  Danville, 
and  Quincy,  where  manufacturing 


dominates,  resemble  the  modified 
manufacturing  profile  seen  in  the 
north  in  Freeport  and  Dixon. 
Springfield  and  Lincoln  present 
another  profile  variation,  with  manu¬ 
facturing  just  slightly  more  impor¬ 
tant  than  retail  service.  The  profiles 
of  Galesburg  in  the  west  and  Mat- 
toon  in  the  east  display  still  another 
variation ;  retailing  and  manufac¬ 
turing  are  important,  but  transpor¬ 
tation  is  not  very  significant.  The 
profiles  of  Champaign  and  Urbana 
demonstrate  their  overwhelming  de¬ 
pendence  on  educational  service. 
Bloomington  and  Jacksonville  each 
has  a  profile  distinctly  its  own. 

Central  Illinois  cities  show  greater 
diversity  than  cities  upstate.  In 
spite  of  greater  variation,  the  profile 
of  the  central  Illinois  city  is  distinct 
from  that  of  northern  cities  and 
would  not  fit  into  the  manufactur¬ 
ing  belt. 

In  southern  Illinois  other  changes 
occur.  Alton  and  Wood  River  near 
St.  Louis  are  exceptions,  of  course, 
resembling  as  they  do  the  manufac¬ 
turing  profile  of  upstate  cities.  Belle¬ 
ville  and  Collinsville  on  the  outer 
rim  of  St.  Louis  have  their  counter¬ 
parts  in  Dixon,  Freeport,  Decatur, 
Danville,  and  Quincy,  farther  north. 
Mount  Vernon,  too,  shows  almost  this 
same  profile,  except  for  the  higher- 
t han-normal  amount  of  mining. 

The  other  southern  Illinois  cities 
are  characterized  b}^  very  small 
amounts  of  manufacturing.  The 
significance  of  mining  is  apparent 
in  West  Frankfort,  Marion,  and 
Harrisburg.  In  Carbonclale  and  Cen- 
tralia  transportation  vies  with  retail 
trade  for  leadership,  although  in 
Carbondale  the  importance  of  edu¬ 
cational  services  can  also  be  seen. 
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Cairo,  in  the  extreme  south,  shows 
a  distinct  profile,  but  the  importance 
of  retail  trade,  manufacturing,  and 
transportation  suggests  the  profiles 
of  certain  central  Illinois  cities. 

Comparing  the  profiles  in  figure  2 
with  the  profile  of  the  average  down- 
state  Illinois  city  in  figure  1,  you 
will  observe  that  the  average  profile 
appears  to  be  almost  purely  arith¬ 
metical.  Only  Joliet  and  Ottawa 
(north  central)  show  much  corre¬ 
spondence  to  the  average  profile. 

Variation  from  the  average  em¬ 
ployment  percentage  can  itself  be 
used  to  show  urban  function.  In  a 
recent  study  of  New  Zealand  cities,'5 
functional  comparisons  were  made 
by  a  graphic  portrayal  of  variation 
from  average  percentage  in  each  in- 

(;  L.  L.  Pownall,  The  functions  of  New  Zealand 
towns,  Annals  Assoc.  Am.  Geographers,  vol.  43,  pp. 
332-330,  1933. 


dustry.  Variation  above  the  average 
employment  percentage  has  also  been 
considered  a  criterion  in  determining 
basic  industries  as  opposed  to  serv¬ 
ice  industries.7  These  alternatives 
should  be  kept  in  mind  in  judging 
the  value  of  the  employment  profile 
described  here. 

This  paper  is  a  progress  report  on 
the  employment  profile  approach  to 
the  study  of  urban  function.  As 
such  it  deals  with  methods  of  study 
and  presentation  rather  than  with 
conclusions.  1  plan  to  expand  the 
Illinois  study  to  include  all  U.  S. 
cities  for  which  data  is  available.  I 
hope  that  profile  variation  will  serve 
as  a  starting  point  in  investigating 
the  55 how”  and  "why”  of  urban 
function. 

7  The  economic  multiplier  in  Wichita:  Monthly 
Keview,  Tenth  Federal  Re  erve  District,  Federal 
Reserve  Rank  of  Kansas  City,  vol.  37,  no.  9,  Sept. 
30,  1932. 
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THE  SOUTHERN  ZONE  OF  CHICAGO'S  INNER  REGION 


ALLEN  K.  PHILBRICK 

University  of  Chicago,  Chicago 


This  is  a  progress  report  on  one 
phase  of  the  Chicago  Region  Project, 
a  project  I  share  with  Dr.  Mayer, 
Department  of  Geography,  Univer¬ 
sity  of  Chicago.  We  are  studying 
the  relationships  between  the  major 
types  of  Chicago  establishments  and 
those  of  the  larger  region  for  which 
Chicago  is  the  nodal  core.  I  am  at¬ 
tempting  to  develop  and  apply  a  new 
approach  to  the  mapping  of  land 
uses,  particularly  in  the  30,000 
square  mile  area  in  the  60  counties 
within  100  miles  of  the  Chicago  Loop 
(fig.  1.). 

The  southern  zone  of  Chicago’s 
inner  region  is  described  in  terms  of 
a  land- use  map  made  on  a  scale  of 
half  an  inch  to  a  mile  of  major  parts 
of  10  counties  within  Chicago ’s  inner 
region  (the  territory  within  100 
miles  of  the  central  part  of  the  city). 
The  paper  is  divided  in  three  parts : 

(1)  description  of  the  map  terms, 

(2)  discussion  of  the  patterns  of 
urbanization  outward  from  the  limits 
of  commonly  accepted  definitions  of 
urban  Chicago  (the  standard  metro¬ 
politan  and  urbanized  area  defini¬ 
tions  of  the  U.  S.  Census),  and  (3) 
interpretation  of  the  southern  zone 
of  Chicago’s  inner  region. 

The  map  is  a  record  of  the  ob¬ 
served  associations  of  three  different 
types  of  gross  land  use.  These  are 
agricultural,  nonagricultural,  and 
nonfarm  residential  uses  of  land. 
These  occur  in  two  types  of  loca¬ 
tions.  These  are  in  towns,  villages, 
and  cities,  characterized  by  a  block 


pattern  of  transportation  and  land 
subdivision,  and  in  the  open  country, 
characterized  by  the  sections  and 
quarter  sections  of  the  rectalinear 
survey. 

Instead  of  taking  the  time  in  the 
field  to  ascertain  the  limits  of  homo¬ 
geneity  of  land  use,  the  homogeneity 
or  mixture  of  land  uses  was  recorded 
by  means  of  an  appropriate  color 
within  the  block-unit  areas  in  towns, 
villages,  and  cities,  and  within  quar¬ 
ter-section  unit  areas  in  the  open 
country.  The  results  are  a  land-use 
map  showing  the  location  of  a  three¬ 
fold  classification,  in  the  case  of 
block-type  settlement,  and  a  seven¬ 
fold  one,  in  the  case  of  open-type  set¬ 
tlement.  The  classification  used  in 
the  map  (fig.  2)  for  gross  land  uses 
per  unit  area  is  as  folloAVS : 
Block-type  settlement  in  city  blocks  : 

1.  homogeneous  residential 

2.  homogeneous  business  -  indus¬ 
trial 

3.  mixed  residential  and  business- 
industrial 

Open-type  settlement  in  quarter  sec¬ 
tions  : 

1.  homogeneous  agricultural 

2.  homogeneous  residential 

3.  homogeneous  business  -  indus¬ 
trial 

4.  mixed  residential-agricultural 

5.  mixed  residential-business  in¬ 
dustrial 

6.  mixed  agricultural-business  in¬ 
dustrial 

7.  mixed  residential-agricultural- 
busi  ness  industrial 
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In  looking-  at  figure  2,  it  is  im¬ 
portant  to  remember  that  the  dis¬ 
tinction  between  the  grey  random- 
dot  pattern  (which  covers  more  unit 
areas  than  any  other)  and  ah  other 
categories  is  that  between  homogene¬ 
ous  agriculture  and  the  presence  of 
some  kind  of  nonagricultural  land 
use  within  each  unit  area.  It  should 
also  be  noted  that  nonagricultural 
uses  recorded  are  either  in  associa¬ 
tion  with  agriculture,  by  themselves 
(homogeneously),  or  in  some  combi¬ 
nation  of  land  use  not  including 
farming.  In  figure  2  all  combina¬ 
tions  or  mixtures  of  land  uses  are 
generalized  as  black  in  open  settle¬ 
ment  areas  and  as  white  in  areas  of 
block-type  settlement,  unless  specif¬ 
ically  shown  by  other  symbols.  Fig¬ 
ure  2  is  thus  a  generalized  reproduc¬ 
tion  of  the  original  land-use  map 
made  in  the  field  and  should  be 


viewed  with  the  above  points  in 
mind.  The  counties  shown  are  from 
west  to  east:  LaSalle,  Grundy,  Will, 
and  Cook  counties,  Ill. ;  Lake,  Porter, 
Laporte,  St.  Joseph,  and  Elkhart 
counties,  Ind. ;  and  Berrien  County, 
Mich. 

The  pattern  of  unit  areas  colored 
black  shows  substantially  the  local!- 
zation  of  the  population  enumerated 
by  the  census  under  the  heading  of 
rural  nonfarm  population.  This  type 
of  population  numbered  247,300  per¬ 
sons  in  the  eleven  counties  in  1950. 
The  rural  nonfarm  population,  leav¬ 
ing  out  Cook  County,  represents  one- 
sixth  of  the  total  population.  If 
Lake  and  St.  Joseph  counties,  Ind., 
which  contain  the  major  urban  ag¬ 
glomerations  of  the  Chicago  region 
in  Indiana,  are  left  out,  the  propor¬ 
tion  of  the  rural  nonfarm  population 
in  the  remaining  8  counties  repre- 
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sci. Is  one-fourtli  of  the  total  popula¬ 
tion,  numbering  152,300  persons. 
rPlie  pattern  of  residential  land  use 
is  closely  associated  with  major  lines 
of  transportation,  both  rail  and  high¬ 
way,  radiating  from  the  major  urban 
centers  and  with  the  towns  and  cities 
located  along  those  radiating  lines 
of  movement.  In  addition  there  is 
a  scattering  of  such  urban  establish¬ 
ments  on  county  and  township  roads 
between  major  lines  of  access  to  the 
major  urban  cores  of  the  Chicago 
region.  This  pattern  tends  to  coa¬ 
lesce  and  become  thicker  towards  the 
hub  of  the  wheel  of  radiating  lines 
of  access  to  Chicago  and  the  indus¬ 
trial  cities  of  northwestern  Indiana 
in  Lake  County. 

If  one  examines  the  boundaries  of 
the  urbanized  area  (according  to  the 
census  definition)  shown  in  figure  2, 
the  extension  beyond  the  limits  of 
the  urbanized  area  of  land  use  of  an 
urban  type  affords  an  opportunity  to 
define  somewhat  more  broadly  what 
I  shall  refer  to  as  “the  geographical 
city”  of  Chicago,  as  distinct  from 
the  political  or  municipal  city,  the 
census  definition  of  the  urbanized 
area,  and  the  standard  metropolitan 
area. 

In  order  to  quantify  the  generali¬ 
zation  of  file  geographical  city  from 
the  pattern  of  gross  land  uses  as 
mapped,  the  following  steps  were 
taken.  The  township  and  range  sur¬ 
vey  system  was  used  as  the  basis  for 
defining  a  pattern  of  squares,  each  3 
miles  on  a  side  (9  square  miles). 
Within  each  9  -  square  -  mile  unit 
area  there  are  36  quarter  sections. 
A  count  was  then  made  of  the 
li  o m ogeneo u si y  agricult  u r a  1  q u a  r ter 
sections  per  unit  area.  On  the 
basis  of  lliis  tally  an  isopleth  map 


(fig.  3)  was  prepared  showing  the 
percentage  of  nonhomogeneouslv 
agricultural  quarter  sections.  The 
graded  patterns  show  the  percentage 
of  quarter  sections  having  some  non- 
agricultural  land  uses.  They  grade 
by  25  percent  intervals  from  black 
through  progressively  lighter  pat¬ 
terns  to  the  lightest,  which  signifies 
that  none  of  the  36  quarter  sections 
within  the  unit  area  has  nonagricul- 
tural  establishments. 

The  geographical  definition  of  an 
urban  area  need  not  necessarily  em¬ 
ploy  the  criterion  of  contiguity  of  ur¬ 
ban  establishments.  Nor  need  it  em¬ 
ploy  limits  excluding  the  presence  of 
agricultural  land  use  within  an  ur¬ 
ban  context.  In  a  very  real  sense 
the  proportion  of  land  used  for  agri¬ 
cultural  purposes  may  be  thought  of 
as  extending  through  the  entire 
range  from  complete  homogeneity  of 
agricultural  use  to  complete  absence. 
The  scale  of  unit  areas  employed  will 
determine  the  arbitrary  limits  of  anv 
urban  area  one  wishes  to  define  for 
specific  purposes. 

If  allowance  is  made  for  generali¬ 
zation,  the  area  in  figure  3  be¬ 
tween  the  limits  of  75  to  100  per¬ 
cent  of  quarter-section  unit  areas 
per  9  square  miles  having  some  non- 
agricultural  establishments  approxi¬ 
mates  the  boundary  of  the  urbanized 
a  rea . 

A  definition  intermediate  between 
the  urbanized  area  and  the  standard 
metropolitan  area  is  appropriate.  Its 
limits  would  approximate  the  line 
enclosing  the  area  in  figure  3,  where¬ 
in  one-fourth  or  more  of  the  quarter 
section-unit  areas  per  9-square-mile 
unit  have  nonagricultural  uses  of 
land  singly,  in  various  combinations, 
or  mixed  with  agricultural  land  use. 
On  the  basis  of  this  definition  and 
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degree  of  generalization,  there  exists 
a  continuity  of  urbanization  from 
the  vicinity  of  Morris,  Grnndy  Coun¬ 
ty,  Ill.,  on  the  west,  to  Goshen,  Ind., 
140  miles  to  the  east  in  Elkhart 

Countv.  Ind. 

•/ 

If  the  establishments  of  the  Chi¬ 
cago  urbanized  area  are  thought  of 
as  the  core,  the  irregularly  shaped 
intermittently  urbanized  periphery, 
just  defined  in  terms  of  the  land -use 
map,  may  be  divided  into  the  follow¬ 
ing  parts : 

1.  The  Upper  Illinois  River  Val¬ 
ley  from  Morris  northeastward  to 
Chicago. 

2.  The  extension  of  the  Chicago 
Heights  axis  southward  into  Will 
County. 

3.  The  Gary-Crown  Point  axis 
and  its  extension  southward  beyond 
the  Kankakee  River  (the  southern 
boundary  of  Lake  County,  Inch). 

4.  The  Valparaiso  moraine  area 
to  Lake  Michigan  in  Porter  County, 
Ind. 

5.  The  Michigan  City,  Laporte, 
Kingsbury  Ordnance  axis  of  Laporte 
County,  Ind. 

6.  The  Niles,  South  Bend,  Misha¬ 
waka,  Elkhart,  Goshen  urban  agglo¬ 
meration  in  Berrien  County,  Mich., 
St.  Joseph  and  Elkhart  counties, 
Ind. 

7.  The  lake  shore  and  Benton 
Harbor  area  of  the  fruit  country  in 
Berrien  County,  Mich. 

In  addition  to  these  seven,  there  is 
an  additional  noncontiguous  area, 
the  LaSalle-Ottawa  river  area  in 
LaSalle  County,  Ill.  This  broader 
definition  of  the  geographical  city 
of  the  Chicago  region  is  appropriate 
because  the  fastest  urban  growth  is 
now  occurring  outside  of  the  politi¬ 
cal  city  of  Chicago  in  these  very  sec¬ 


tions;  geographical  Chicago  is  grow¬ 
ing  by  expansion  of  its  urban  estab¬ 
lishments  outward  from  previously 
established  centers.  The  population 
is  growing  faster  in  the  counties  (ex¬ 
cept  for  Cook  County)  within  the 
standard  metropolitan  area.  The 
Indiana  and  Michigan  counties  are 
growing  faster  than  those  in  Illinois 
southwest  of  Cook  County.  LaSalle 
and  Grundy  counties  showed  a  de¬ 
cline  in  population  between  the  two 
census  years  1940  and  1950.  These 
differences  in  rate  of  population 
growth  are  reflected  in  the  pattern 
of  land  uses.  Southern  Cook  Coun¬ 
ty  and  northeastern  Will  County, 
Ill.,  are  becoming  increasingly  ur¬ 
ban.  The  growth  in  nonfarm  rural 
population  includes  not  only  com¬ 
muters  to  jobs  in  the  city  but  reflects 
a  population  oriented  toward  new  in¬ 
dustries  locating  outside  the  urban¬ 
ized  area.  For  example,  the  Mall 
Tool  Company  plant,  located  at 
25000  South  Western  Avenue  in 
Will  County  outside  Crete,  Ill.,  ad¬ 
vertises  for  employees  with  the  slo¬ 
gan  “  Enjoy  working  near  your 
home.  ” 

This  cross  section  of  the  southern 
zone  of  Chicago’s  inner  region  is  di¬ 
vided  into  two  parts  by  a  regional 
boundary  of  national  significance. 
If  one  excepts  the  urbanized  area 
portion  of  the  map,  a  marked  in¬ 
crease  in  proportion  of  the  homo¬ 
geneous  agricultural  use  occurs  from 
east  to  west.  For  example,  there  are 
no  completely  agricultural  9-square- 
mile  units  in  Elkhart,  St.  Joseph, 
and  Laporte  counties.  There  are  2 
in  Porter  County,  none  in  Lake 
County,  8  in  Will  County,  15  in 
Grundy  County,  and  38  in  LaSalle 
County.  In  contrast,  the  proportion 
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of  nonagricultural  establishments  in¬ 
creases  steadily  from  west  to  east. 
Approximately  along  a  line  from  the 
northeast  corner  of  Will  County,  Ill., 
to  the  southwest  corner  of  Lake 
County,  Ind.,  runs  the  zone  dividing 
the  manufactural  urban,  east,  from 
the  agricultural  west.  This  line 
comes  closest  to  Lake  Michigan  in 
Will  County,  Ill. 

The  broader  geographical  defini¬ 
tion  of  the  city  of  Chicago  is  neces¬ 
sary  in  order  to  place  problems  of 
the  urban  growth  of  Chicago  into 
proper  perspective.  There  are  some 
problems  that  could  be  studied  by 
further  analysis  of  the  land-use  pat¬ 
terns  and  functional  organization  of 
the  southern  belt  of  Chicago’s  inner 
region. 

The  impact  of  expanding  urban 
establishments  into  Chicago’s  agri¬ 
cultural  hinterland  reveals  the  need 
for  policy  decisions  and  means  of 
stabilizing  the  harmonious  flourish¬ 
ing  of  argicultural  uses  of  land 
whose  frontages  upon  section-line 
roads  and  higliways  are  given  over 
to  urban  uses. 


The  simultaneous  out-migration  of 
manufactural,  residential,  and  com¬ 
mercial  establishments  and  the  estab¬ 
lishment  of  ever  increasing  enter¬ 
prises  of  all  types  in  the  countryside 
raise  the  need  for  sound  regional 
planning  to  prevent  the  kind  of  mal¬ 
adjustments  which  have  occurred 
through  unplanned  developments 
within  municipalities.  Let  us  avoid 
having  blight  follow  the  flight  from 
blight. 

The  conclusions  of  this  progress 
report  are  incomplete.  The  visuali¬ 
zation  of  the  pattern  of  land  uses 
in  Chicago’s  inner  region  must  be 
extended.  The  existing  and  result¬ 
ing  maps  must  be  subject  to  further 
analysis.  The  fabric  of  organization 
between  the  establishments  in  the 
inner  region,  its  major  subcenters, 
and  the  major  establishments  of  the 
urban  core  of  the  region  must  be 
studied  in  greater  detail.  I  believe 
that  the  map  of  the  gross  land  uses 
of  Chicago’s  inner  region  can  be  a 
major  tool  in  a  greater  understand¬ 
ing  of  Chicago’s  future. 
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ITAPACI,  BRAZIL— A  FRONTIER  TOWN 

ROBERT  L.  CARMIN 

University  of  Illinois ,  Urbana 


The  town  of  Itapaci,  located  near 
the  heart  of  Brazil  in  the  state  of 
Goias,  is  the  product  of  an  advancing 
agricultural  frontier.  At  the  time 
of  the  writer’s  field  study,1  the  town 
had  been  in  existence  only  12  years, 
yet  it  contained  more  than  1,000  in- 
habitants  and  over  200  houses  and 
other  structures.  The  purpose  of  this 
paper  is  to  describe  the  town  on  its 
site  and  the  function  of  the  town 
with  reference  to  the  region  in  which 
it  is  situated,  in  order  to  give  an  un¬ 
derstanding  of  the  conditions  that 
have  fostered  its  development  and 
rapid  growth. 

European  occupancy  in  southern 
Goias  has  passed  through  two  stages 
and  is  presently  entering  a  third. 
The  first,  the  mining  period,  was 
based  on  the  exploitation  of  gold  and 
diamonds.  The  second,  the  grazing 
period,  was  based  on  the  raising  of 
cattle  for  hides  and  meat.  The  latest 
phase  is  the  rise  of  commercial  agri¬ 
culture,  an  activity  which  dominates 
grazing  in  some  parts  of  the  area 
but  is  only  beginning  to  compete 
with  it  in  other  sections.  With  each 
stage  of  occupancy,  new  towns  have 
developed  and  existing  towns  have 
disappeared,  changed  their  func¬ 
tions,  or  adjusted  to  new  ones,  in 
order  to  survive. 

The  development  and  growth  of 
Itapaci  is  a  response  to  the  latest 
stage  of  occupance — the  rise  of  com¬ 
mercial  agriculture.  Before  ex¬ 


amining  the  region  whose  recent  de¬ 
velopments  have  made  it  possible  for 
Itapaci  to  become  a  town,  let  us  ex¬ 
amine  the  historical  background  of 
this  new  settlement.  On  September 
11,  1934,  two  fazendeiros  settled  on 
the  banks  of  the  Rio  Sao  Patricinho, 
a  small  headwater  stream  of  the 
great  Rio  Tocantins.  As  other  settlers 
came  to  the  area,  the  two  farmers2 
sold  lots  and  the  town  was  developed 
in  a  small  clearing  located  in  the 
midst  of  a  great  forest  called  the 
Mato  Grosso  de  Goias.  The  clearing 
provided  a  site  where  buildings  could 
be  erected  with  a  minimum  of  effort, 
3Tet  the  semideciduous  forest  and  a 
stream  providing  an  abundance  of 
water  were  near  at  hand.  The  prox¬ 
imity  of  the  forest  was  important  as 
a  source  of  building  materials  and 
firewood,  but  even  more  important, 
so  far  as  most  Brazilians  are  con¬ 
cerned,  is  the  fact  that  the  mato 
(forest)  soils  are  considered  more 
productive  than  cerrado  (tree  sa¬ 
vanna)  or  campo  (grassland)  soils.3 
The  settlement  grew  rapidly  ;  in  1939 
it  became  a  distrito  (township)  seat 
and  in  1945  it  was  elevated  to  the 
political  position  of  municipio  seat4 
— the  equivalent  of  our  county  seat. 

Itapaci  became  the  political,  com¬ 
mercial,  and  cultural  center  for  the 
municipio  at  the  expense  of  old  Pilar, 

2  Augusto  Alves  Rego  and  Abdias  da  Silva. 

3  Leo  Waibel,  “Vegetation  and  land  use  in  the 
Planalto  Central  of  Brazil,”  Geographical  Review, 
vol.  38  (October  1948),  p.  550. 

■*  Onildo  de  Castro,  manager,  Office  of  Institute 
Brasileiro  de  Estatistica,  Itapaci,  prepared  this  and 
other  material  from  the  official  records  of  his  office. 
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a  decadent  gold  mining  town  found¬ 
ed  in  1741  during  the  mining  period. 
The  Papuan  gold  mines  at  Pilar  per¬ 
mitted  the  town  to  flourish  and  sup¬ 
port  thousands  of  persons  during  the 
most  productive  period  —  the  late 
part  of  the  eighteenth  and  the  first 
third  of  the  nineteenth  centuries.5 
With  the  exhaustion  of  the  mines, 
however,  Pilar’s  population  and  im¬ 
portance  shrank.  Itace,  as  it  is  called 
today,  is  virtually  isolated  and  is 
only  a  tiny  village  where  the  ruins 
of  deserted  buildings  are  prominent. 
It  can  be  reached  from  Itapaci  only 
by  a  four  or  five  hour  horse  ride  over 
a  sometimes  precipitous  trail  that 
will  not  accommodate  even  an  oxcart. 

Although  Itapaci  is  the  most  ad¬ 
vanced  town  in  the  municipio,  it  is 
nevertheless  a  very  primitive  place. 
One  enters  the  town  after  crossing  a 
wobbly  wooden  bridge  which  spans 
the  Rio  Sao  Patricinlio.  Beyond  the 
bridge  on  the  right  bank  of  the 
stream,  the  road  enters  the  principal 
street  of  the  town — an  open  area  120 
feet  wide.  This  wide  space  has  been 
left  in  anticipation  of  future  growth, 
but  little  has  been  done  to  improve 
it,  as  is  evidenced  by  the  gullies  and 
weeds  there.  Only  one-story  build¬ 
ings  are  to  be  found  and  most  of 
those  on  the  main  street  are  Colonial 
in  style,  made  of  brick  covered  with 
plaster  and  capped  by  tiled  roofs. 
Many  of  the  town’s  200-odd  houses, 
especially  on  the  outskirts,  are  daub- 
and-wattle  huts  with  thatch  roofs. 
There  is  no  electricity  and  no  public 
water  supply — only  dug  wells  and 
the  river.  One  area  of  the  stream 
serves  for  washing  clothes  and 
another  section  is  used  by  the  male 
population  for  their  baths.  The  pub- 

5  Ibid, 


lie  bathing  spot  is  about  150  yards 
south  of  the  town’s  only  lodging 
house,  a  small  pensao  containing  six 
small  bedrooms  and  no  pretentious 
facilities.  A  single  washpan,  for  ex¬ 
ample,  is  used  by  all  the  guests  and 
ablutions  are  performed  in  the  room 
that  also  serves  as  the  dining  room 
and  lounge. 

As  figure  1  shows,  the  street  pat¬ 
tern  of  Itapaci  is  quite  simple.  In 
addition  to  the  aforementioned  wide 
main  street  there  are  seven  streets 
crossing  at  right  angles  to  it.  None 
of  the  streets  are  paved,  but  the  main 
street  and  some  of  the  side  streets  are 
improved  by  a  gravelly  earth  mix¬ 
ture.  The  map  is  generalized  to  such 
an  extent  that  it  fails  to  reveal  the 
irregularity  of  the  street  edges  and 
the  somewhat  haphazard  appearance 
of  the  building  distribution.  South 
of  the  main  street  there  is  a  parallel 
street  not  shown  on  the  map.  It  ap¬ 
pears  more  like  a  cart  trail  than  a 
street.  There  are  some  fifty  houses 
along  this  street  and  a  few  more  are 
to  be  found  in  the  fields  south  of  it. 
The  latter  are  reached  by  footpaths 
only. 

In  addition  to  the  houses  there  are 
20  commercial  establishments,  3  den¬ 
tists,  3  lawyers,  2  barbers,  a  post 
office,  a  jail,  a  Catholic  church  and 
school,  and  a  small  roofing  tile  fac¬ 
tory.  At  the  time  of  the  field  survey 
an  Evangelical  missionary  and  his 
wife  were  completing  another  school. 
Compared  to  Anapolis,  a  railhead 
city  of  16,000  population  located  250 
kilometers  to  the  south,  the  standards 
and  degree  of  complexity  of  all  serv¬ 
ices  and  commercial  enterprises  are 
greatly  inferior  in  Itapaci.  Prac¬ 
tically  all  Itapaci  residents  involved 
ip  business  or  the  services  devote 
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only  part  of  their  time  to  their  prin¬ 
cipal  activity.  One  man  makes  shoes, 
saddles,  and  other  leather  goods ;  he 
also  sells  these  products  and  repre¬ 
sents  the  Federal  government  as  the 
local  tax  collector.  Another  man  op¬ 
erates  a  small  retail  store  and  as  a 
sideline  brrgs  rice,  beans,  and  corn 
on  a  wholesale  basis  and  sells  them 
to  an  Anapolis  trucker  that  makes 
semiweekly  trips  to  the  town.  In  all 
cases  the  retail  stores  are  similar  to 
the  “general  store”  of  the  United 
States  in  that  they  sell  a  broad  va- 
riet}^  of  merchandise.  In  a  typical 
Itapaci  store  the  following  items  are 
offered  for  sale  in  a  one-room  estab¬ 
lishment  containing  a  single  counter 
some  15  feet  long :  hoes,  flashlight 
batteries  and  bnlbs,  men’s  hats,  dry 
goods,  needles  and  thread,  bottled 
beer,  cigarettes,  matches,  soap,  cakes, 
coffee  (sold  by  the  cup),  knives,  sad¬ 
dles,  spurs,  and  many  other  items. 

The  professional  services  also  are 
offered  on  a  part-time  basis.  The 
leaders  of  the  two  religious  faiths 
represented  in  the  town  teach  school 
in  addition  to  fulfilling  their  regular 
church  duties.  The  lawyers  have 
positions  in  the  municipio  offices  and 
handle  what  appear  to  be  very  limit¬ 
ed  law  practices.  In  short,  the  1,000 
or  so  persons  in  the  town  and  the 
sparsity  of  population  in  Itapaci ’s 
trade  area  (in  1946  the  entire  muni¬ 
cipio  of  18,179  square  kilometers  con¬ 
tained  only  9,159  persons)0  inhibits 
specialization  in  service  or  trade  ac¬ 
tivities. 

Itapaci  is,  as  we  see  from  the  fore¬ 
going,  a  primitive  form  of  urban  set¬ 
tlement.  One  can  stand  on  the  main 
street  and  see  a  wall  of  virgin  forest 

c  Boletim  Estatistico,  vol.  2,  no.  19  (Goiania, 
Goias,  1946),  p.  3. 


at  the  end  of  side  streets.  At  the 
western  edge  of  town  there  are  newly 
cleared  fields  in  which  corn,  beans, 
manioc,  and  rice  are  growing  in 
the  midst  of  half-burned  logs  and 
stumps.  With  this  setting  in  mind 
one  may  well  ask  what  conditions 
have  caused  the  town’s  inhabitants 
to  settle  here.  What  promise  of  re¬ 
ward  has  been  offered  in  exchange 
for  the  primitive,  pioneer  way  of  life 
lived  by  the  people  of  Itapaci  and  its 
trade  area?  To  discover  the  answer 
one  must  examine  a  broad  region  of 
which  Itapaci  is  an  outpost  of  urban 
settlement. 

A  combination  of  many  factors — 
including  a  growing  national  popu¬ 
lation  with  a  resultant  greater  de¬ 
mand  for  farm  products,  a  drop  in 
production  on  depleted  land  in  old 
settled  areas,  and  a  focus  of  atten¬ 
tion  on  south  central  Goias  as  an  area 
of  promising  agricultural  value— all 
have  given  rise  to  a  rapid  increase 
in  the  acreage  devoted  to  crops  in 
Goias.7  Much  of  Brazil’s  central 
plateau  is  covered  by  campo  cerrado 
(savanna)  vegetation,  but  some 
parts  contain  mato,  a  semideciduous 
forest  cover.8  In  general,  Bra¬ 
zilians  consider  the  mato  soils  ex¬ 
cellent  for  crops  such  as  coffee,  corn, 
upland  rice,  cotton,  and  beans,  but 
they  feel  that  the  cerrado  soils  can  be 
used  only  as  pasture  land  or  at  best 
be  devoted  to  less  exacting  plants 
such  as  pineapples.9  Thus,  to  over¬ 
simplify  the  situation,  places  such  as 
Itapaci,  which  lie  within  the  Mato 
Grosso  de  Goias,  have  in  recent  years 
attracted  growing  numbers  of  pio- 

7  Robert  L.  Carmin,  Anapolis,  Brazil — regional 
capital  of  an  agricultural  frontier  (Ph.D.  disserta¬ 
tion,  Department  of  Geography,  University  of  Chi¬ 
cago),  chapter  3. 

s  Waibel,  op.  cit. 

9  Carmin,  op.  cit. 
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neers  who  clear  the  forest  and  plant 
crops.  The  extension  of  the  Goias 
Railroad  (Estrado  de  Ferro  de 
Goias)  to  Anapolis  in  1935  aided  the 
movement  of  people  and  supplies  in¬ 
to  south  Goias  and  provided  a  means 
of  transporting  farm  produce  to 
markets  nearer  the  coast. 

In  1941  the  Federal  government 
created  an  agricultural  colony  (the 
Colonia  Agricola  Nacional  de  Goias), 
140  kilometers  north  of  Anapolis.  In 
effect,  the  establishment  of  a  colony 
within  the  Mato  Grosso  de  Goias 
served  as  a  federal  stamp  of  ap¬ 
proval  on  the  forest-covered  lands. 
In  addition  to  the  attraction  of 
“government  approved”  land,  the 
improved  transportation  facilities 
that  went  hand  in  hand  in  the  form 
of  an  all-weather  highway  to  the 
Colonia  from  the  railhead  at  Anapo¬ 
lis,  stimulated  an  influx  of  settlement 
around  and  beyond  the  Colonia.  At 
the  time  of  the  Itapaci  field  study 
the  federal  road  had  been  completed 
through  the  Colonia  and  some  70 
kilometers  beyond  it.  Thus  a  com¬ 
bination  of  factors  caused  the  for¬ 
ested  lands  around  Itapaci  to  attract 
settlers,  and  an  improvement  in 
transport  facilities  made  settlement 
there  feasible.  However,  accessibil¬ 
ity  is  still  a  handicap  to  ItapacFs 
growth  because  the  only  road  to  the 
town  is  a  very  poor  single-lane  route 
that  turns  westward  from  the  federal 
road  a  few  kilometers  north  of  the 
Colonia.  The  rutted  narrow  road 
which  bridges  gullies  by  two  hewn 
logs — one  for  each  wheel — usually 
forces  the  bus  and  truck  to  go  less 
than  5  miles  per  hour  when  they 
make  their  semiweekly  run  from 
Anapolis.  During  the  dry  season 
when  the  road  is  at  its  best  these 


vehicles  require  about  10  hours  of 
uncomfortable  travel  to  make  the  250 
kilometer  trip.  Although  the  road 
to  Itapaci  is  poor,  only  oxcart  and 
horse  trails  extend  beyond  the  town, 
truly  the  end  of  the  road  for  auto¬ 
motive  vehicles. 

I  was  impressed  by  the  poor  qual¬ 
ity  and  small  variety  of  food  served 
at  the  only  pensao  in  Itapaci.  In¬ 
quiries  led  me  to  conclude  that  many 
of  the  farms  in  the  area  are  too  new 
to  provide  much  more  than  subsist¬ 
ence  crops  for  the  owners.  It  re¬ 
quires  time  to  clear  the  land  of  the 
heavy  forest  growth,  and  until 
enough  area  is  available  to  produce 
a  surplus  above  and  beyond  the 
needs  of  the  inhabitants,  there  is 
little  to  sell.  Once  a  week  the  town 
has  a  market  day  when  some  farmers 
come  to  sell  fruits,  vegetables,  eggs, 
and  a  few  chickens,  but  the  amount 
sold  is  not  great. 

Itapaci  lies  within  the  trade  area 
of  Anapolis.  In  many  respects  the 
natural  environment  (climate,  soils, 
vegetative  cover,  etc.)  of  Anapolis 
Municipio  and  Itapaci  Municipio  are 
very  similar.  However,  Anapolis 
with  its  railroad  and  all-weather 
highway  is  better  favored  with  re¬ 
spect  to  transportation.  Also,  for  a 
variety  of  reasons,  the  recent  era  of 
commercial  planting  came  earlier  to 
Anapolis;  hence  more  time  has  been 
available  for  clearing  the  forest  and 
planting  crops  there.  Statistics  re¬ 
flect  the  space-time  differential  be¬ 
tween  these  two  municipio s.  In  1946 
the  rural  population  density  of 
Itapaci  Municipio  was  less  than  half 
a  person  per  square  kilometer  where¬ 
as  it  stood  at  13  for  Anapolis  Muni¬ 
cipio.10  Assuming  the  proportion  of 


10  Boletim  Estatisiico,  op.  at. 
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arable  land  to  total  area  is  equal  in 
the  same  two  municipios,  we  find  that 
13  percent  (30,010  hectares)  of 
Anapolis  Municipio’ s  total  land  area 
is  devoted  to  the  nine  crops  which 
account  for  most  of  the  state’s  farm 
production,  whereas  only  a  fraction 
of  1  percent  (711  hectares)  of  the 
total  area  of  Itapaci  Municipio  is  so 
used.  The  1947  values  of  the  nine 
crops  in  Anapolis  and  Itapaci  Muni¬ 
cipios  are  Cr$  88,437,650  and  Cr$ 
894,500,  respectively.  The  per  hec¬ 
tare  value  of  the  crops  produced  is 
Cr$  2,944  for  Anapolis  and  only 
Cr$  1,258  for  Itapaci.11  It  is  clear 
that  the  latter  municipio  is  “back¬ 
ward,”  considering*  the  proportion 
of  land  utilized  for  crops  as  well  as 
the  productivity  per  land  unit. 

By  comparing*  the  rural  popula¬ 
tion  with  the  value  of  farm  crops  for 
each  municipio ,  a  fair  estimate  of  the 
agricultural  productivity  per  person 
can  be  made.  In  1947  the  per  capita 
production  of  the  principal  farm 
crops  was  Cr$  2,846  in  Anapolis 
Municipio  but  only  Cr$  112  in 
Itapaci. 

The  pastures  of  Anapolis  Muni¬ 
cipio  contained  90,500  head  of  cattle 
in  1945,  but  Itapaci  could  count  only 

11  Maria  da  Gloria  Floury,  Head  of  Seccao  de 
Estatistica  Militar  do  Departmento  Estadual  de 
Estatistica,  Goiania,  Goias,  provided  the  author 
with  agricultural  production  data,  May  4,  1948. 


35,000,  in  spite  of  the  fact  that  the 
latter  has  8  times  the  area  of  the 
former.12  At  Cr$  670  per  head,13 
Itapaci ’s  cattle  are  worth  nearly  26 
times  the  1947  harvest  of  principal 
farm  crops.  Thus,  although  grazing 
is  of  relatively  great  importance 
compared  with  crop  production  in 
Itapaci  Municipio,  even  cattle  pro¬ 
duction  is  low  because  it  had  only  2 
head  per  square  kilometer  compared 
to  39  for  Anapolis.  On  the  basis  of 
value,  the  farm  crops  of  Anapolis 
were  worth  about  1  3/10  times  the 
value  of  its  cattle. 

In  conclusion,  therefore,  all  evi¬ 
dence  points  to  the  fact  that  the  town 
of  Itapaci  became  within  a  dozen 
years  a  political,  commercial,  and 
cultural  center  of  over  1,000  popula¬ 
tion,  as  a  response  to  a  rapidly  ex¬ 
panding  agricultural  frontier.  The 
fact  that  Itapaci  and  its  vicinal  area 
is  on  the  very  outer  fringe  of  this 
zone  of  pioneer  settlement  places 
space-time  limitations  on  its  growth 
and  prosperity.  An  improvement  in 
transportation  facilities  will  give  rise 
to  a  new  concept  of  distance  from 
market  and  source  of  supply.  With 
time  for  development  and  improve¬ 
ment,  Itapaci  and  its  trade  area 
should  continue  to  grow  and  prosper. 

12  Eoletiin  Estatistico,  vol.  III.  no.  24  (Goiania, 
1947),  p.  2. 

13  Ibid.,  vol.  II,  no.  22,  p.  1. 
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MOUNT  DESERT  ISLAND,  MAINE 
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In  the  western  part  of  Mount 
Desert  Island,  which  lies  about  two- 
thirds  of  the  way  up  the  coast  of 
Maine,  is  a  belt  of  gabbroic  rock  one 
to  two  miles  wide  and  twelve  miles 
long.  It  is  bounded  on  the  west  by 
quartzite,  schist,  and  gneiss  of  the 
Bartlett  Island  series  (Lower  Cam¬ 
brian  ?)  into  which  the  gabbroic  rock 
is  intrusive.  On  the  east  the  belt  is 
severely  brecciated  and  is  invaded  by 
biotite  granite.  Petrographically  the 
gabbroic  rock  is  extremely  variable 
in  texture,  structure,  and  mineral 
composition.  For  the  most  part,  how¬ 
ever,  it  is  composed  predominantly 
of  hornblende,  biotite,  and  plagio- 
clase  with  smaller  amounts  of  quartz 
and  potash  feldspar. 

Cutting  the  gabbroic  material  are 
numerous  dikes  composed  of  fine¬ 
grained  diabase  and  fine  to  coarse¬ 
grained  granite.  These  diabase- 
granite  complexes  resemble  certain 
composite  bodies,  and  for  want  of  a 
better  term  will  be  referred  to  as 
composite  dikes.  The  best  examples 
of  the  dikes  have  been  found  along 
the  coast  (Lat.-44°  18'  37";  Long.- 
68°  25'  56"),  where  nearly  continu¬ 
ous  outcrop  makes  them  traceable  for 
distances  up  to  100  feet. 

Description  of  Composite  Dikes 

The  dikes  are  as  much  as  a  few 
feet  thick,  but  some  of  the  best  ex¬ 


posed  and  most  striking  are  only  a 
foot  wide.  The  smaller  dikes  offer  a 
clearer  picture  of  their  true  char¬ 
acter  in  three  dimensions,  particu¬ 
larly  along  the  more  rugged  parts 
of  the  coast. 

The  ratio  of  granite  to  diabase  in 
the  composite  dikes  is  highly  vari¬ 
able.  Some  complexes  are  granite 
dikes  enclosing  numerous  more  or 
less  rounded  fragments  of  diabase 
(fig.  5,  center  right).  Others  are 
dikes  of  diabase  more  or  less  veined 
by  granite  (fig.  5,  lower  left).  Still 
others  are  intermediate  or  grada¬ 
tional  between  these  two  extremes. 

The  diabase  member  of  the  dikes 
is  in  the  center,  and  is  separated 
from  the  older  wall  rock  by  granite. 
Even  in  the  gently  inclined  or  hori¬ 
zontal  dikes,  there  appears  to  be  no 
crowding  of  diabase  toward  either 
wall.  Commonly  the  bounding  gran¬ 
ite  is  only  a  thin  vein  extending  10 
or  20  feet,  but  granite  nearly  always 
margins  the  dike.  These  portions  of 
the  granite  member,  more  or  less  con¬ 
fined  to  dike  borders  and  margins, 
for  convenience  will  be  termed  lat¬ 
eral  veins  (fig.  1).  In  only  one  dike 
(one  foot  wide)  were  portions  of 
diabase  in  contact  with  gabbroic  wall 
rock.  These  portions  exhibit  a  finer- 
grained  texture  within  one-quarter 
inch  of  the  contact,  and  appear 
identical  with  the  chilled  selvedges 
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Fig.  1. — Elements  of  composite  dike.  Key:  dashes— gabbroic  wall  rock;  blank — 
granite;  stipple — diabase  dike  remnants  with  rounded  and  irregular  boundaries; 
A — lateral  vein;  B — transverse  vein;  C — irregular  vein. 


so  common  in  basic  dikes.  The  con¬ 
tact  between  granite  and  gabbroic 
wall  rock  is  remarkably  straight,  but 
that  between  granite  and  diabase  is 
highly  irregular.  Thus  each  lateral 
vein  is  highly  variable  in  width. 

The  central  member  of  diabase 
may  extend  5  or  6  feet  without  inter¬ 
ruption,  but  commonly  it  appears 
disjointed  by  veins  of  granite  which 
cut  across  from  one  lateral  vein  to 
the  other  (fig.  5).  These  cross- 
cutting  granite  veins  will  be  termed 
transverse  veins  (fig.  1).  Com¬ 
monly  the  diabase  appears  broken 
into  many  small  blocks,  each  com¬ 
pletely  surrounded  by  granite.  The 
blocks  are  generally  rounded  and 
elongate  and  are  arranged  in 
sausage  fashion  parallel  to  dike 
walls.  That  the  long  blocks  have 
been  rotated  since  their  formation 
is  not  apparent  from  their  present 
orientation.  Locally  the  blocks  are 
highly  irregular  and  varied  in  shape, 
but  are  fitted  together  remarkably 
well,  like  parts  of  a  jig-saw  puzzle. 

In  addition  to  the  lateral  and 
transverse  veins  are  numerous  irreg¬ 
ular  veins  and  stringers  (fig.  1), 
which  show  blunt  terminations  and 
absence  of  wedging  walls,  and  like 
the  lateral  and  transverse  veins,  ex¬ 
hibit  pinch-and-swell  structure  and 
nonmatching  walls.  There  appears 
to  be  complete  continuity  between  all 
vein  types,  suggesting  more  or  less 


contemporaneity  in  formation.  No 
evidence  was  noted  of  one  vein  cut¬ 
ting  another.  Boundaries  between 
diabase  and  granite  members  are 
sharp  and  commonly  highly  crenu- 
late  (fig.  5,  upper  right).  Fingers 
and  stringers  of  granite  project  into 
the  diabase,  and  the  more  extensive 
intervening  stretches  are  concave 
toward  the  diabase  member.  The 
granite  nowhere  appears  chilled  but 
locally  is  almost  pegmatitic. 

Origin  of  Composite  Dikes 

The  observation  that  virtually  all 
blocks  of  diabase  are  surrounded  by 
granite  appears  to  support  the  theo¬ 
ry  that  the  composite  dikes  are  in¬ 
jections  of  granite  magma  which  car¬ 
ried  abundant  diabase  inclusions  and 
aligned  them  parallel  to  dike  walls. 
In  one  place,  however,  remnants  of 
chilled  selvedges  of  a  basic  dike  were 
observed  in  contact  with  the  wall 
rock.  Another  objection  to  this 
theory  is  that  some  of  the  diabase 
blocks  are  so  large,  compared  with 
the  width  of  the  dikes,  that  it  is 
difficult  to  conceive  of  them  being 
carried  in  without  being  wedged  or 
caught  between  dike  walls.  The  per¬ 
fection  with  which  so  many  of  the 
variously  shaped  blocks  of  diabase 
are  closely  packed  is  difficult  to  ex¬ 
plain  on  this  basis.  The  heavy  dia¬ 
base  blocks  do  not  appear  to  be 
crowded  toward  the  lower  walls  of 
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the  gently  inclined  composite  dikes. 

The  symmetrical  distribution  of 
acid  and  basic  members  throughout 
the  composite  dikes  also  rules  out  a 
theory  of  origin  by  diffei  entiation  in 
place  of  either  a  homogeneous  or 
emulsive  magma. 

'Hie  injection  of  a  granitic  magma 
before  complete  crystallization  of  the 
diabase  member  seems  unlikely,  be- 
cause  of  the  marginal  position  of  the 
granite  and  the  infrequent  occur¬ 
rence  of  a  chilled  selvedge  of  diabase. 
Furthermore,  intimate  mingling  of 
acid  and  basic  material  to  give  tran¬ 
sitional  types  is  not  indicated. 

The  theory  I  favor  is  that  basic 
magma  was  first  emplaced  to  form 
diabase  dikes.  Later,  jointed  and 
disrupted  at  their  contacts,  the  dia¬ 
base  dikes  were  invaded  by  granitic 
material  to  form  felsic  veins.  The 
problem  arises  as  to  whether  room 
was  provided  the  granitic  material 
by  dilation  of  fractures  in  the  dia¬ 
base,  b}r  replacement  of  diabase 
along  fractures,  or  by  a  combination. 

Fractures  running  parallel  to  dike 


walls  are  common  in  basic  dikes  and 
are  more  closely  spaced  near  dike 
margins.  Such  fissures  would  per¬ 
mit  intrusion  of  granitic  magma  as 
well  as  localized  replacement  by 
granitic  material ;  either  might  ex¬ 
plain  the  lateral  veins. 

If  the  lateral  veins  are  of  dilation 
origin,  however,  why  is  the  boundary 
against  the  gabbroic  Avail  rock  es¬ 
sentially  a  planar  surface,  whereas 
the  boundary  against  the  diabase 
generally  appears  crenulated  and 
scalloped?  If  the  veins  are  of  re¬ 
placement  origin,  an  explanation  is 
found  in  the  structural  control  of  the 
wall  rock  on  either  side  of  the  frac¬ 
ture.  Joints  perpendicular  to  dike 
walls  are  commonly  abundant  and 
closely  spaced  in  basic  dike  margins. 
If  replacement,  advancing  from  the 
marginal  fissures,  proceeded  most 
rapidly  along  closely  spaced  perpen¬ 
dicular  fractures,  Ave  would  expect 
local  development  of  granite  fingers 
projecting  well  into  the  diabase, 
making  a  highly  irregular  boundary. 
Little  or  no  jointing  of  the  gabbroic 
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Fkj.  2. — Schematic  composite  dikes.  A — Transverse  drift  of  dibase  blocks  in 
granitic  magma  widens  lateral  vein  on  one  side.  B. — Variation  in  width  of  lateral 
veins  indicates  differential  consumption  of  diabase  and  not  simply  transverse  block¬ 
drifting. 
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wall  rock  would  make  replacement 
ineffective,  and  the  original  straight 
contact  would  be  preserved. 

The  great  irregularity  in  width  of 
the  lateral  vein  is  difficult  to  explain 
on  the  basis  of  dilation.  The  varia¬ 
tion  in  width  is  believed  to  be  due  to 
the  nature  of  jointing  in  the  basic 
dikes.  Where  channels  were  numer¬ 
ous,  as  in  closely  jointed  portions  of 
the  diabase,  wide  segments  in  the 
lateral  vein  developed.  Some  sug¬ 
gestion  of  this  control  is  found  (fig. 
5,  lower  left)  where  a  slab  interrupts 
the  lateral  vein.  Several  small  tabu¬ 
lar  masses  of  diabase  appear  as  resi¬ 
duals  of  less-jointed  material  (fig.  5, 
center  right).  Were  this  a  case  of 
dilation  we  would  expect  to  find  an 
occasional  slab  at  least  slightly  ro¬ 
tated. 


A  wide  portion  in  one  of  the  lat¬ 
eral  veins  is  not  necessarily  matched 
by  a  correspondingly  narrow  portion 
in  its  counterpart.  Very  commonly, 
however,  a  wide  portion  in  one  lat¬ 
eral  vein  is  matched  by  a  wide  por¬ 
tion  in  the  other.  Such  facts  are  in¬ 
consistent  with  the  concept  that  seg¬ 
ments  of  the  diabase  member  have 
drifted,  in  a  fluid  medium  (granite 
magma),  closer  to  one  dike  wall  than 
to  the  other  (fig.  2).  The  variable 
width  of  lateral  veins,  therefore,  can 
best  be  accounted  for  by  differential 
consumption  of  diabase  along  the 
vein. 

Transverse  joints  are  generally 
less  common  and,  therefore,  more 
widely  spaced  in  the  central  portions 
of  basic  dikes  than  near  dike  mar¬ 
gins.  Such  fractures,  however,  might 


v  '  V  /  \  /  \  /  V  /  V  /-  V  /  X  /  \  /  \  \  /  V/  \  ✓  \  /  \  /•  \  /  \  /-  X  /  v  /  '  ^  '  /  V  '  V 

/  \  /  \  /  \  /  V  /  \  /  x  /■  '✓x/v/'x/-x/’X^X,»y/x<''X 


Fig.  3. — Formation  of  transverse  veins  in  composite  dikes. 
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permit  entrance  of  a  granite  magma 
as  well  as  localized  replacement  by 
granitic  material  from  the  marginal 
zone  of  fissures  along  which  it  was 
moving.  The  transverse  veins  might 
be  explained  by  either  process. 

Emplacement  of  magma  by  dila¬ 
tion  of  transverse  fractures  to  form 
veins  would  require  considerable 
drifting  apart  of  diabase  blocks  par¬ 
allel  to  the  dike  walls.  A  three- 
dimensional  field  study  indicates 
that  block-drifting  or  overall  exten¬ 
sion  of  the  diabase  member  in  all 
directions  in  the  plane  of  the  dike 
wall  would  be  required,  but  it  is 
evident  that  such  extension  or  drift¬ 
ing  has  not  occurred.  Extension  of 
the  diabase  dike,  if  it  occurred, 
might  have  ruptured  the  wall  rocks 
with  the  result  that  transverse  veins 
would  extend  far  out  into  the  gab- 
broic  wall  rock.  This  relation  is  not 
observed  A  few  small  granite  veins 
cutting  clear  across  the  dikes  are  ob¬ 
served,  but  these  are  inadequate  to 
explain  dilation  of  the  transverse 
joints  as  a  whole. 

Fig.  3A  illustrates  how  jointing  of 
a  diabase  dike  and  of  the  wall  rock 
as  well  may  produce  diabase  blocks 
separated  by  transverse  veins  of 
granite.  Each  transverse  vein  must 
normally  be  continuous  or  be  as¬ 
sociated  with  a  vein  extending  out 
into  the  wall  rock  on  either  side  of 
the  dike.  Fig.  3B  lacks  the  exten¬ 
sions  of  transverse  veins  into  the  wall 
rock,  but  requires,  on  the  basis  of 
1  he  dilation  theory,  a  displacement  of 
diabase  blocks  by  sliding  along  the 
marginal  fissures  of  the  dike.  The 
directions  and  relative  amounts  of 
block-drifting  are  indicated  by  ar¬ 
rows,  relative  to  a  central  stationary 
block.  Such  drift  parallel  to  dike 


walls  and  without  rupture  of  wall 
rock  is  possible  for  relatively  short 
distances,  but  a  serious  space  prob¬ 
lem  is  encountered  if  this  principle 
is  extended  to  distances  actually  ob¬ 
served.  Fig.  3C  shows  that  addi¬ 
tional  space  needed  for  longitudinal 
drift  could  be  provided  only  if  cer¬ 
tain  diabase  blocks  were  rotated,  ro¬ 
tation  being  made  possible  by  con¬ 
siderable  dilation  of  the  original  dia¬ 
base  dike  walls.  Evidence  for  such 
rotation,  however,  was  not  found. 

One  dike  in  particular  offers  an 
excellent  opportunity  for  a  three- 
dimensional  study.  This  dike  is  one- 
foot  thick  and  is  highly  irregular, 
showing  abrupt  changes  in  dip  and 
strike  over  distances  of  10  to  20  feet. 
Considering  the  length  and  thickness 
of  the  diabase  blocks  compared  with 
the  thickness  of  the  dike  itself,  it  is 
difficult  to  see  how  these  long  blocks 
could  have  drifted  past  the  sharp 
turns  in  the  dike  without  being- 
lodged  between  dike  walls.  Further¬ 
more,  there  is  no  sign  of  crowding  or 
rotation  of  diabase  blocks. 

Many  features  of  the  irregular 
veins  and  stringers  indicate  an  origin 
by  replacement,  and  there  is  no  rea¬ 
son  to  assume  that  these  veins  have 
formed  differently  from  the  lateral 
and  transverse  veins.  Pinch-and- 
swell  structure,  veins  with  non- 
matching'  walls,  veins  terminating  in 
blunt  ends,  absence  of  wedge-shaped 
veins  due  to  slight  rotation  of  blocks, 
and  local  patterns  of  perfect  packing 
of  unusual-shaped  blocks  are  all 
characteristic  features  here.  Such 
features  have  been  shown  by  Good- 
speed  (1,  2,  and  3),  Haff  (4),  King 
(5),  and  others  to  be  reliable  criteria 
for  replacement  veins.  Space  for 
the  relatively  large  pockets  of  gran- 
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pletely  replaced  diabase  dike,  B — remnant  xenolith  originally  enclosed  in  diabase 
dike,  C — offset  of  wall  rock  structure  produced  by  diabase  dike  and  not  by  granite, 
D — chill  phase  of  diabase  dike  pseudomorphed  by  granite. 


ite  observed  in  some  dikes  must  have 
been  provided  by  consumption  of 
basic  material,  because  evidence  of 
crowding,  rotation,  or  lateral  dis¬ 
placement  of  diabase  blocks  is  lack¬ 
ing. 

The  evidence  so  far  indicates  that 
space  for  the  granite  in  the  composite 
dikes  was  provided  largely  by  selec¬ 
tive  consumption  or  replacement  of 
diabase  dike  rock.  The  possibility 
that  some  granite  magma  was  in¬ 
volved  in  these  dike  reactions  is  not 
as  yet  ruled  out.  The  next  problem 
is  to  determine  whether  a  granite 
magma  did  play  a  role  and,  if  so, 
how  much  magma  was  involved. 

The  thickness  of  each  composite 
dike  is  remarkably  uniform  for  rela¬ 
tively  great  distances,  and  it  seems  a 
fair  assumption  that  the  original  dia¬ 
base  dike  in  each  case  was  also  of 
uniform  thickness.  Assuming  for 
the  moment  that  no  replacement  oc¬ 
curred  in  a  particular  composite 
body,  the  amount  of  post-diabase 
dilation  of  dike  walls  necessary  for 
the  granite  intrusion  would  be  equal 
to  the  thickness  of  the  composite  dike 
minus  the  thickness  of  original  dia¬ 
base  dike  (same  as  thickness  of  dia¬ 
base  blocks).  It  is  clear,  however, 


that  some  consumption  of  diabase 
has  occurred,  and  the  true  thickness 
of  the  original  diabase  dike  can  not 
readily  be  determined.  It  is  possible, 
nevertheless,  to  establish  a  minimum 
value  for  the  original  thickness  in 
such  a  case.  This  value  would  be 
equal  to  the  thickness  of  the  larger 
diabase  blocks. 

The  difference  between  the  thick¬ 
ness  of  the  composite  dike  and  the 
thickest  diabase  blocks  within  it  is 
a  measure  of  the  maximum  post-dia¬ 
base  dilation.  Applying  this  line  of 
reasoning  to  the  dikes  in  question, 
we  find  that  granite  magma  cannot 
account  for  more  than  a  small  pro¬ 
portion  of  the  lateral  veins.  Quanti¬ 
tatively  this  amounts  to  a  small  frac¬ 
tion  of  an  inch.  It  is  conceivable  that 
dilation  was  considerably  greater  for 
a  short  period,  and  that  collapse  of 
the  walls  to  their  present  position 
occurred  shortly  after  the  granite 
magma  started  to  crystallize.  Such 
a  concept,  however,  renders  the  ob¬ 
jections  to  the  dilation  theory,  al¬ 
ready  raised,  all  the  more  serious. 
We  must  conclude  that  only  thin 
veins  of  magma,  if  any  at  all,  were 
present. 

If  granite  magma  were  to  dissolve 
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diabase,  thereby  enlarging  the  open¬ 
ings  for  lateral  veins,  a  continuous 
flow  of  relatively  large  quantities 
through  lateral  fissures  would  be  re¬ 
quired  to  remove  the  basic  compon¬ 
ents  without  leaving  clearer  evidence 
of  contamination.  It  seems  doubt¬ 
ful  that  channels  of  this  width  could 
be  adequately  sustained.  It  is  diffi¬ 
cult  to  reconcile  such  a  mechanism 
with  the  chill  phenomena  observed 
in  well-substantiated  magmatic  veins 
and  dikes  of  comparable  width. 

Looking  at  the  transverse  veins, 
we  must  conclude  that,  in  general, 
only  paper-thin  dikes  of  granite 
magma  could  have  existed.  Yet 
many  of  these  veins  are  now  as  wide 
as  the  lateral  veins  with  which  they 
are  coextensive. 

It  seems  unnecessary,  therefore,  to 
assume  the  presence  of  any  granite 
magma  in  the  composite  dikes,  but 
it  must  be  admitted  that  a  relatively 
small  quantity  may  have  existed. 
Space  for  the  granite  member  was 
provided  largely  by  replacement  of 
diabase  dike  rock. 

Conclusions  and  Comments 

An  attempt  has  been  made  to  pre¬ 
sent  some  of  the  most  convincing  evi¬ 
dence  of  small-scale  replacement  of 
basic  dike  rock  by  granite  at  Mount 
Desert  Island,  Maine.  This  presen¬ 
tation  is  based  largely  upon  field  re¬ 
lations;  detailed  petrographic  rela¬ 
tions  cannot  be  treated  here. 

It  is  concluded  that  granitic  ma- 
terial,  moving  along  lateral  fissures 
and,  to  a  lesser  degree,  along  trans¬ 
verse  and  oblique  fractures  in  cer¬ 
tain  small  diabase  dikes,  replaced  the 
mafic  rock  in  a  systematic  fashion. 
The  true  nature  of  the  material  in¬ 
troduced  is  not  known  ;  it  may  have 


been  an  aqueous  solution  or  a  di¬ 
rected  flow  of  ions  or  atoms.  One 
thing  seems  quite  clear,  however ; 
granite  magma  played,  at  most,  a 
very  minor  role.  The  granite  ac¬ 
quired  room  by  replacement  and  not 
by  dilation.  The  granitic  material 
involved  in  this  process  is  believed 
to  be  genetically  related  to  the  bodies 
of  granite  which  outcrop  immedi¬ 
ately  to  the  east.  This  study  demon- 
strates  that  replacement  of  a  basic 
rock  by  granite  may  be  highly  selec¬ 
tive.  The  chemical  reactivity  of  dia¬ 
base  dike  rock,  as  compared  with 
that  of  the  gabbroic  wall  rock,  may 
have  been  influential,  but  it  is  be¬ 
lieved  that  rock  structure,  deter¬ 
mined  largely  by  jointing,  prepared 
the  way  for  replacing  material  and 
controlled  both  direction  and  extent 
of  replacement.  This  study  also 
shows  that  replacement  boundaries 
may  be  very  sharp,  may  be  straight, 
or  may  be  highly  irregular. 

1.  None  of  these  small  diabase 
dikes  was  recognized  to  be  com¬ 
pletely  replaced  along  its  strike  for 
more  than  about  one  foot,  although 
the  greater  part  of  some  dikes  was 
replaced  by  granite  for  distances  of 
several  feet.  It  is  not  difficult  to 
imagine  that,  if  replacement  had 
been  carried  to  a  more  advanced 
stage,  all  diabase  dike  remnants 
would  have  been  obliterated.  Not 
only  the  possibility,  but  the  proba¬ 
bility,  of  completely  replaced  diabase 
dikes  at  Mount  Desert  Island  must 
be  recognized.  Such  dikes  would  be 
difficult  to  detect,  but  there  are  cri¬ 
teria  to  aid  in  their  disclosure.  Com¬ 
pletely  replaced  dikes  may  be  more 
common  than  we  realize.  Particu¬ 
larly  in  metamorphic  and  metaso- 
matic  terranes,  old  basic  dikes  mav 
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Fig.  5. — Composite  dikes  with  centers  of  diabase  and  selvedges  (lateral  veins) 
of  granite.  Transverse  and  irregular  veins  of  granite  divide  central  basic  member 
into  distinct  blocks,  bounded  by  smooth  to  highly  irregular  surfaces.  Loiver  left 
and  center  right:  essentially  planar  views.  Other  views  are  three-dimensional,  and, 
owing  to  uneven  rock  surface,  misrepresent  the  uniformity  of  dike  thickness  and 
regularity  of  dike  walls. 
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have  been  pseudomorphed  by  gran¬ 
ite  or  pegmatite  in  great  numbers, 
and  so  completely  as  to  almost  defy 
detection. 

2.  Inclusions  of  basic  rock  in  some 
granitic  dikes  ma}^  represent  unre¬ 
placed  remnants  of  an  old  dike 
rather  than  fragments  carried  in, 
dropped  from  above,  or  buoyed  up¬ 
ward  from  below  (point  A,  fig.  4). 

3.  The  possibility  that  xenoliths, 
inclosed  in  the  original  basic  dike, 
survived  replacement  by  granite 
after  the  dike  itself  has  been  con¬ 
sumed  creates  additional  complica¬ 
tions.  Such  inclusions  could  have 
been  derived  from  the  adjacent  wall 
rock  material  or  could  be  foreign  to 
the  area.  Inclusions  of  wall  rock 
were  observed  in  several  composite 
dikes  on  Mount  Desert  Island.  These 
were  completely  surrounded  by  gran¬ 
ite,  but  in  some  instances  replace¬ 
ment  of  the  diabase  dike  rock  had 
not  progressed  far  (point  B,  fig.  4). 


4.  Some  completely  replaced  basic 
dikes  mav  inherit  characteristics  of 
dilation  dikes  and  give  an  erroneous 
picture  of  genesis.  For  example,  a 
basic  dike  might  produce  offset  of 
the  wall-rock  structures.  After  com¬ 
plete  replacement,  however,  the  new 
dike  would  still  exhibit  this  dilation 
characteristic.  Again  it  seems  pos¬ 
sible  that  the  finer-grained  chill  zone 
of  the  original  basic  dike  might  be 
pseudomorphed  by  the  replacing 
granitic  material  (points  C  and  D, 
fig.  4). 

5.  A  basic  dike  truncated  by  a 
younger  igneous  body  and  replaced 
by  granite  might  erroneously  sug¬ 
gest  that  the  granite  formed  prior 
to  the  truncating  igneous  mass. 

The  writer  wishes  to  express 
thanks  to  Forest  Etheredge,  Terry 
Offield,  and  Eugene  Williams  for 
their  assistance  in  the  field  study  of 
these  dikes  and  for  the  photographs 
used  in  this  publication. 
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CLAY  MINERALOGY  OF  LOWER  TERTIARY 
CONTINENTAL  DEPOSITS  OP  THE 
SAN  JUAN  BASIN,  COLORADO 

JOHN  B.  DROSTE 

University  of  Illinois,  Urbana 


Early  Eocene  and  Paleocene  con- 
tinental  rocks  are  exposed  in  the  cen¬ 
tral  portion  of  the  San  Juan  Basin 
in  northwestern  New  Mexico  and 
southwestern  Colorado.  The  clay- 
mineral  study  is  part  of  a  general 
investigation  of  late  Cretaceous  and 
early  Tertiary  rocks  in  the  vicinity 
of  the  University  of  Illinois  Geo¬ 
logical  Summer  Field  Camp,  Fort 
Lewis  A.  &  M.  College,  Colorado 
(fig-  1)  • 

In  early  and  middle  Paleocene, 
streams  deposited  clays,  siltstones, 
and  channel  sandstones  of  the  Naci- 
miento  (Simpson,  1948)  formation. 
About  450  feet  of  this  formation 
crop  out  in  Colorado.  Streams  con¬ 
tinued  to  deposit  over  2000  feet  of 
clays,  siltstones,  and  sandstones  of 
the  San  Jose  (Simpson,  1948)  for¬ 
mation  in  late  Paleocene  and  early 
Eocene  time.  Both  formations  crop 
out  typically  in  color-banded  bad¬ 
lands. 

The  Lance  (late  Cretaceous,  Wy¬ 
oming,  Dorf,  1942)  and  Vermejo 
flora  (late  Cretaceous,  Colorado, 
Knowlton,  1917)  indicate  a  warm, 
subtropical  climate  in  the  Rocky 
Mountain  region.  Knowlton  (1917, 
1924)  also  shows  that  the  Raton, 
Laramie,  Wilcox,  Animas,  and  Den¬ 
ver  assemblages  indicate  the  climate 
was  warm-temperate,  possibly  sub¬ 
tropical.  Early  and  middle  Eocene 
floras  from  the  Rocky  Mountain  re¬ 
gion  indicate  a  warm-temperate  to 


subtropical  climate  (see  Berry  in  Os¬ 
born,  1929) .  The  San  Jose  flora  con¬ 
tains  species  common  to  the  Animas 
and  Raton  flora  (Droste,  1953). 

Brooks  (1926)  believes  that  the 
climate  was  a  subtropical  mediter¬ 
ranean-type  with  moderate  winter 
rain  and  long  hot,  dry  summers. 
Van  Houten  (1948)  suggests  that 
conditions  were  savanna-like — the 
interstream  areas  were  large  open 
parks  and  forests  were  found  only 
along  the  rivers.  The  climates  of  the 
source  area  and  basin  of  deposition 
must  have  been  the  same. 

Clay  Mineralogy 

X-ray  spectrometer  traces  were 
made  of  the  red,  purple,  brown,  yel¬ 
low,  olive,  and  gray  clays  that  com¬ 
prise  the  sediments.  The  raw  samples 
were  fractionated  and  the  sizes  less 
than  two  microns  were  used.  Mixed- 
layer  montmorillonite,  chlorite,  and 
illite  occurred  in  all  samples. 

Mixed  layering  and  poor  crystal¬ 
linity  made  identification  difficult.  A 
diffuse  reflection  in  the  untreated 
sample  from  10  to  15.5  a.u.  can  be 
attributed  to  montmorillonite,  illite, 
and/or  chlorite.  After  treatment 
with  glycol,  17-a.u.  reflections  sug¬ 
gest  the  presence  of  montmorillonite 
and  10-a.u.  reflections  suggest  the 
presence  of  illite.  In  most  cases,  the 
broad  17-a.u.  reflection  masked  the 
first  order  14-a.u.  reflection  of  chlor- 
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ite.  In  a  few  samples  a  weak  14-a.u. 
reflection  for  chlorite  was  seen.  As 
the  even-order  basal  reflections  of 
chlorite  (002,004,006,  etc.)  almost 
coincide  with  successive  basal  reflec¬ 
tions  of  kaolinite  (001,002,003,  etc.), 
and  as  the  odd-order  basal  reflections 
of  chlorite  (001,003,005,  etc.)  are 
weak,  it  is  often  difficult  to  distin¬ 
guish  between  chlorite  and  kaolinite 
reflections.  In  every  sample  a  weak 
(003)  reflection  (4.66  a.u.)  of  chlor¬ 
ite  confirmed  the  presence  of  that 
mineral.  Heat  treatment  (Johns  and 
Grim,  1952),  which  serves  to  differ¬ 
entiate  chlorite  and  kaolinite,  indi¬ 
cated  that  no  kaolinite  was  present. 
Chlorite  reflections  are  lost  after 
heating  to  450° C.  If  kaolinite  was 
present,  its  reflections  should  still 
remain  after  ignition  to  450°  C.  All 
chlorite  reflections  were  lost,  suggest¬ 
ing  the  absence  of  kaolinite.  Johns 


Pig.  1. — Index  map.  The  area  of  investigation  is  shown  by  diagonal  lines. 


and  Grim  (1952)  have  discussed  this 
procedure  in  detail. 

Upland  and  Basin  Soils 

Van  Houten  (1948)  suggests  that 
a  thick  well-leached  regolitli  de¬ 
veloped  on  the  uplands  surrounding 
the  lower  Tertiary  basins  in  Colo¬ 
rado  and  Wyoming.  In  the  present 
climate  the  well-leached,  lateritic 
soils  are  predominately  kaolinitic 
with  or  without  hydrous  alumina. 
As  neither  kaolinite  nor  hydrous 
alumina  was  found  in  any  of  the  clay 
samples,  and  as  in  a  nonmarine  en¬ 
vironment  clay  minerals  usually  suf¬ 
fer  little  alteration  (Grim,  1951),  it 
is  unlikely  that  kaolinite  was  ever 
present  in  the  clays  or  on  the  upland 
source-areas.  Consequently  it  is  be¬ 
lieved  that  the  loose  materials  on  the 
uplands  must  have  been  removed  by 
normal  gullying  and  sheet-flood  ero- 
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sion  before  they  had  suffered  much 
weathering.  This  would  occur  if  the 
climate  was  one  of  alternating  dry 
and  wet  seasons.  During  the  dry 
seasons  the  vegetation  would  die  and 
be  oxidized,  so  that  during  the  wet 
seasons  the  loose  regolith,  without 
benefit  of  plant  cover  to  hold  it  in 
place,  was  quickly  transported  to  the 
basins  of  deposition.  Around  rivers 
and  permanent  lakes,  where  vegeta¬ 
tion  could  live  through  the  dry  pe¬ 
riods,  the  environment  was  probably 
reducing.  The  clay  minerals  of  the 
gray  and  olive  clays  show  that,  even 
around  permanent  streams,  ground- 
water  did  not  cause  extensive  leach- 
ing. 

It  is  quite  possible  that  the  direct- 
tion  of  groundwater  movement  was 
upward  during  most  of  the  year. 
This  is  certainly  true  for  the  wide 
park-like  interstream  areas,  where 
the  Eh  of  environment  Avas  certainly 
positive.  In  these  areas  the  illite  and 
chlorite  in  the  soil  absorbed  potassi¬ 
um  and  magnesium  respectively  into 
their  lattice  and  became  more  crys¬ 
talline,  and  montmorillonite  ab¬ 
sorbed  sodium  and  calcium  in  ex¬ 
change  positions  on  its  lattice.  Hoav- 
ever,  the  Eh  of  the  environment 
of  deposition  apparently  had  no  in¬ 
fluence  on  the  clay  minerals  of  these 
beds.  The  same  clay  minerals  are 
found  in  the  beds  deposited  in  oxi¬ 
dizing  (red  beds)  and  reducing 
(gray  and  green  beds)  environment. 

Summary 

Mixed-layer  montmorillonite,  chlo¬ 
rite,  and  illite  are  found  to  be  the 
clay  mineral  constituents  of  the 
lower  Tertiary  continental  strata  in 
southwestern  Colorado.  The  clay 
mineral  assemblage,  coupled  Avith  the 


absence  of  kaolinite  and  hydrous 
alumina,  suggests  that  the  clay  ma¬ 
terial  was  rapidly  remo\red  from  the 
uplands  before  extensive  weathering 
and  soil  development. 
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FARMDALE  DRIFT  NEAR  DANVILLE,  ILLINOIS1 

GEORGE  E.  EKBLAW  and  H.  B.  WILLMAN 
State  Geological  Survey,  Urbana 


When  the  new  Harmattan  strip- 
mine  of  the  Fairview  Collieries  Cor¬ 
poration  northwest  of  Danville,  Illi¬ 
nois,  was  opened  a  few  years  ago,  a 
portion  of  the  stream  in  Hungry 
Hollow  was  diverted  to  an  artificial 
ditch  several  hundred  yards  north 
of  its  original  course  (fig.  1).  The 
ditch  exposes  an  extraordinary  suc¬ 
cession  of  Pleistocene  deposits,  in¬ 
cluding  a  till  that  is  believed  to  be  of 
Farmdale  age,  with  unusual  rela¬ 
tions  between  some  of  these  deposits. 

The  ditch  was  originally  dug  about 
35  feet  deep,  in  two  approximately 
equal  “lifts.”  The  lower  “lift”  is 
about  25  feet  wide  and  the  upper  is 
2  to  3  times  as  wide ;  the  additional 
width  on  the  north  side  is  clear  but 
that  on  the  south  side  is  largely  filled 
with  the  material  excavated  from  the 
lower  lift.  The  original  gradient  of 
the  ditch  was  the  minimum  neces¬ 
sary,  starting  from  the  toe  of  a  low 
concrete  dam  across  the  Hollow  at 
the  upper  point  of  diversion.  Be¬ 
cause  this  minimum  gradient  is  less 
than  that  of  the  natural  stream,  the 
bottom  of  the  ditch  where  it  rejoined 
the  Hollow  at  the  lower  point  of  di¬ 
version  was  several  feet  higher  than 
the  bottom  of  the  Hollow,  creating  a 
waterfall.  This  waterfall  has  re¬ 
treated  headward  about  500  feet, 
deepening  and  widening  the  ditch 
and  revealing  new  and  different  ge¬ 
ological  phenomena  as  it  retreated. 

A  description  and  interpretation 
of  the  glacial  deposits  as  they  ap- 

1  Presented  and  published  with  permission  of  the 
Chief,  Illinois  State  Geological  Survey. 


Fig.  1.— Map  of  area  northwest  of  Dan¬ 
ville,  showing  general  area  of  Harmat¬ 
tan  Mine,  the  diverted  course  (dash- 
tridot  line)  of  the  stream  in  Hungry 
Hollow,  the  approximate  location  (A)  of 
the  diagrammatic  section  in  fig.  2  and 
the  successions  shown  in  figs.  3-6,  and 
the  approximate  location  (B)  of  signifi¬ 
cant  outcrops  in  “School  House”  Hol¬ 
low. 

peared  along  the  ditch  in  1949-50  has 
been  published.-  Reexaminations  by 
the  authors  during  the  last  year, 
since  additional  phenomena  have 
been  exposed,  have  enabled  a  revised, 
more  detailed  description  and  a  new 
interpretation  of  the  deposits.  The 
authors  profited  from  discussion 
with  Dr.  M.  M.  Leighton,  Illinois 
State  Geological  Survey,  and  Pro¬ 
fessors  George  W.  White  and  Paul 
R.  Shaffer,  University  of  Illinois,  De¬ 
partment  of  Geology,  who  joined  in 
one  of  these  examinations. 

For  convenience  of  description, 
the  exposure  may  be  considered  in 
four  segments :  one  is  the  upper 

2  Eveland,  Harmon  E.,  Pleistocene  geology  of  the 
Danville  region,  111. :  State  Geol.  Survey  Kept.  Inv. 
159,  pp.  19-24,  tigs.  10-12,  geol.  sec.  13  (p.  30), 
1952. 
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“lift”  of  the  ditch,  in  which  the 
deposits  occur  in  essentially  hori¬ 
zontal  layers,  and  the  other  three  are 
in  the  lower  “lift,”  respectively  east 
and  west  of  the  place  (W,  fig.  2)  at 
which  the  deposits  to  the  east  are 
more  or  less  inclined,  and  the  point 
(E,  fig.  2)  to  which  the  waterfall  has 
retreated.  The  deposits  exposed  in 
the  upper  “lift”  and  in  the  middle 
segment  of  the  lower  “lift”  are 
shown  diagrammatically  in  figure  2. 
Another  convenient  point  of  refer¬ 
ence,  designated  X,  is  the  place  about 
a  hundred  feet  west  of  W  where  a 
small  drain  from  the  adjacent  high¬ 
way  spills  over  the  north  side  of  the 
ditch.  The  deposits  will  be  discussed 
as  units,  numbered  from  the  top 
down. 

I.  Silt,  loessial,  leached,  oxidized, 
light  brown,  4-5  feet  thick ;  follows 
down  west  slope  of  Hungry  Hollow, 
overlapping  successively  units  II- 


VII  as  they  terminate  against  the 
slope. 

II.  Sand  and  gravel,  thin  or  gen¬ 
erally  absent  along  ditch  but  as 
much  as  15  feet  thick  in  area. 

III.  Till,  clayey,  light  grayish 
bull',  leached  in  upper  part,  calcar¬ 
eous  below,  total  5-6  feet,  thins  east¬ 
ward,  absent  east  of  W. 

IV.  Silt  and  sand,  calcareous, 
light  huffish  gray,  in  irregular  layer 
usually  only  a  few  inches  thick  but 
thicker  at  some  places  and  absent  at 
others ;  at  X  it  is  about  2  feet  thick, 
comprised  of  about  8  inches  of  silt 
at  top,  about  8  inches  of  sand  in  the 
middle,  and  as  much  as  4  inches  of 
laminated  gray  clay  at  bottom. 

V.  Till,  like  unit  III,  but  less 
clayey,  more  silty,  more  pebbly, 
slightly  lighter  and  a  little  more  yel¬ 
low,  with  a  faint  greenish  cast,  cal¬ 
careous  throughout.  Although  seem¬ 
ingly  not  greatly  different  in  tex- 


Unit 

No 
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Fig.  2. — Diagrammatic  sketch  of  the  glacial  deposits  exposed  along  part  of  the 
diversion  ditch  for  the  Hungry  Hollow  stream. 
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ture,  the  two  tills  react  differently 
to  erosion,  so  that  on  the  “spurs”  be¬ 
tween  the  rivulet  channels  along'  the 
north  slope  of  the  ditch  the  break  be¬ 
tween  them,  without  regard  to  unit 
IV,  is  marked  by  distinct  shelves  or 
shoulders  a  few  inches  wide  devel¬ 
oped  on  the  lower  till.  The  base  of 
the  greenish  till,  especially  east  of 
point  X,  is  marked  by  a  concentrate 
of  cobbles  and  boulders  up  to  4  feet 
in  diameter.  The  top  surfaces  of 
most  of  these  rocks  appear  to  be  the 
most  faceted  and  striated. 

VI.  (East  of  point  X.)  Till,  cal¬ 
careous,  light  pinkish  huffish  gray, 
essentially  like  units  III  and  V  in 
texture  but  much  more  bouldery 
than  any  other  till  exposed  along  the 
ditch ;  1-1  !/2  feet  thick.  The  boulders 
concentrated  in  the  base  of  the  over- 
lying  till  are  obviously  derived  from 
this  pinkish  till  layer. 

VII.  Sand  and  gravel  with  oc¬ 
casional  boulders,  gray  to  yellow, 
usually  calcareous  but  where  locally 
thicker  the  upper  part  is  leached3 
and  oxidized  brown  to  depths  of  as 
much  as  2x/2  feet ;  usually  1-2  feet 
thick  but  thickens  eastward  from  W 
and  east  of  E  attains  thicknesses  of 
at  least  12  feet ;  cross-bedded,  es¬ 
pecially  where  thicker.  This  unit  is 
at  base  of  upper  “lift.” 

VIII.  Till,  sandy,  calcareous,  gray, 
generally  2-3  feet  thick  but  thins  and 
is  absent  near  and  east  of  E  as  it 
follows  down  under  the  thickening 
sand  and  gravel  of  unit  VII ;  crudely 
layered  and  contains  numerous  pock¬ 
ets  and  lenses  of  sand  and  gravel  be¬ 
tween  W  and  X ;  locally  west  of  X 
up  to  2  feet  of  silt  at  base;  contact 
with  overlying  sand  and  gravel  ir¬ 
regular. 

3  The '  leaching  was  first  noted  by  Dr.  James 
Thorp,  Earlham  University,  June  1953. 


Under  unit  VIII  and  east  of  W 
there  is  a  succession  of  deposits  com¬ 
prising  at  least  6  units,  all  inclined 
eastward9  and  wedging  out  westward 
until  they  become  absent  west  of  W 
(fig.  2). 

IX.  Principally  silt,  fossiliferous, 
generally  calcareous,  especially  to 
west,  but  locally  noncalcareous,  es¬ 
pecially  to  east,  laminated,  gray, 
with  sand  lenses  and  dark-brown 
humus-bearing  bands.  One  calcar¬ 
eous  sand  lens  about  12  feet  long  and 
2  feet  thick  at  the  maximum  occurs 
at  the  base  of  the  unit  on  the  south 
side  of  the  ditch  at  E.  A  lens  of 
noncalcareous  gravel  has  also  been 
reported  as  occurring  near  the  base.4 
At  and  east  of  E  the  unit  is  6-10  feet 
thick  but  west  of  E  it  thins  rapidly 
and  wedges  out  seemingly  by  trunca¬ 
tion  by  unit  VIII. 

X.  Clay,  noncalcareous,  pebbly, 
green,  weakly  laminated,  contains  a 
few  fossils ;  pebbles  include  unweath¬ 
ered  igneous  rocks ;  at  and  near  E  is 
uniformly  1-2  feet  thick  but  thins  to 
the  west  and  is  absent  at  W,  ap¬ 
parently  truncated  by  unit  VIII,  and 
thickens  to  the  east  where  it  consists 
of  2  or  3  layers  of  noncalcareous  clay 
interlaminated  with  dark  silt  like 
unit  IX,  some  calcareous  and  some 
noncalcareous,  totaling  6-10  feet. 
Thicknesses  of  units  IX  and  X  seem 
to  be  somewhat  complementary,  at 
least  in  part. 

Locally  east  of  E  units  IX  and  X 
are  deformed  into  crude  diapiric 
cones  injected  upward  into  unit  VII 
(fig.  3). 

XI.  Till,  silty,  calcareous,  light 
huffish  gray  with  chocolate-brown 
cast,  irregularly  layered  with  part¬ 
ings  or  thin  laminae  of  silt  and  fine 


4  Eveland,  op.  cit.,  p.  20. 
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Fig.  3. — Diapiric  cones  of  post-Farm- 
dale,  pre-Shelbyville  clay  and  silt  in¬ 
jected  upward  into  the  overlying  Shelby- 
ville  outwash. 

sand ;  contains  small  gastropod  and 
pelecypod  shells,  whole  and  undam¬ 
aged  despite  their  fragility,  and 
abundant  wood  fragments  ranging 
from  tiny  pieces  of  twigs  to  sections 
of  tree  trunks  3  feet  long  and  1  foot 
in  diameter;  at  E,  near  center  of 
unit,  lens  of  dark  gray  humus-bear¬ 
ing  generally  non-calcareous  silt, 
maximum  16  inches  thick,  with 
streaks  of  pebbly  sand  and  light  gray 
calcareous  silt  and  with  wood  frag¬ 
ments  up  to  10  inches  long  at  base ; 
east  of  E  includes  masses  of  brown¬ 
ish  noncalcareous  till  and  brown  oxi¬ 
dized  gravel ;  east  of  E,  up  to  15  feet 
thick,  at  and  near  E  6-8  feet  thick, 
thinning  westward  and  terminating 
at  W  partly  by  truncation  by  unit 
VIII  and  partly  by  abutment 
against  steep  slope  of  older  deposits 
(fig.  5). 

XII  A.  At  and  west  of  E  :  sand 
and  silt,  generally  calcareous,  dark 
gray,  variable  in  thickness  and  char¬ 
acter  ;  upper  part  laminated  silt  and 
sand  (fig.  4),  up  to  3  feet  thick,  70 
feet  west  of  E  gravel  lens  6  inches 
thick  at  top,  50  feet  east  of  AY,  lens 
of  dark  laminated  silt  6  inches  thick 
at  base,  containing  an  abundance  of 


wood  fragments  and  humic  debris; 
lower  part,  intergrading  with  upper 
part,  weakly  or  locally  laminated 
humus-bearing  fossiliferous  silt  (fig. 
4),  also  up  to  3  feet  thick;  at  W, 
unit  abuts  steep  slope  of  older  de¬ 
posits  (fig.  5). 

XII  B.  East  of  E  :  gravel,  sand, 
and  silt,  calcareous,  light  brown,  con¬ 
taining  wood  fragments,  humic  de¬ 
bris,  gastropod  fossils,  and  pebble- 
armored  “balls”  of  silt  and  clay, 
stratified,  some  strata  cross-bedded, 
grades  generally  from  coarse,  rela¬ 
tively  well  sorted  gravel  below  to 
silt  at  top,  8-14  feet  thick. 

Because  of  talus  along  both  sides 
of  the  ditch  immediately  east  of  E, 
the  relations  between  units  XII  A 
and  XII  B  are  uncertain,  except  that 
both  lie  immediately  under  unit  XI. 
They  may  be  completely  independ¬ 
ent  and  lie  one  upon  the  other,  or 
they  may  completely  intergrade  lat¬ 
erally  ;  it  is  considered  most  likely 
that  at  least  the  upper  part  of  XII  A 
grades  laterally  into  XII  B. 

XIII.  Silt,  sandy,  pebbly,  noncal¬ 
careous,  humus-bearing,  nonlamin- 
ated,  dark  gray  to  black,  pebbles  up 


Fig.  4. — Pro-Farmdale  sand  and  silt 
overlying  Sangamon  silt  at  E  (contact 
marked  by  head  of  pick)  and  overlain  by 
Farmdale  till.  In  background  Shelby- 
ville  till  overlies  the  Farmdale  till. 
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to  3/4  inch  in  diameter,  1-3  feet  ex¬ 
posed,  base  concealed  for  150  feet 
between  E  and  W  as  it  forms  bottom 
of  ditch  (fig.  4)  ;  absent  east  of  E, 
and  at  AY  abuts  against  older  de¬ 
posits;  superficially  like  lower  part 
of  unit  XII  A  but  distinguished 
from  it  by  being  noncalcareous ; 
grades  rapidly  down  into  unit  XIV ; 
numerous  limonite-filled  joints  up  to 
1-inch  thick,  of  which  only  a  few  con¬ 
tinue  weakly  into  unit  XII. 

XIAT.  Gravel,  clayey,  noncalcar¬ 
eous,  poorly  sorted,  nonbedded,  non- 
1  animated,  cobbly  and  bouldery  at 
base,  2-3  feet  thick ;  not  exposed  else¬ 
where  along  ditch. 

XAr.  Till,  sandy,  gray  with  slight 
pinkish  cast,  generally  similar  to 
unit  VIII  but  more  compact  and 
jointed ;  at  AY  it  terminates  in  a  slope 
dipping  eastward  20-30  degrees, 
against  which  units  XI-XIII  abut ; 
generally  calcareous,  but  at  A\T  upper 
part  is  leached  and  oxidized  to  in¬ 
creasing  thickness  downslope  (fig.  5). 
At  AY  three  calcareous  tills — units 
VIII,  XI,  and  XY — are  in  contact 
one  above  the  other,  but  all  along  the 
ditch  farther  west  unit  VIII  lies  di¬ 
rectly  on  unit  XV,  the  contact  identi¬ 
fied  by  a  pebble  band  (fig.  6)  and  by 
slight  oxidation  of  the  upper  part  of 
the  lower  unit.  Unit  XY  contains 
numerous  lenses  and  pockets  of  silt, 
sand,  and  gravel  (fig.  5),  some  gray, 
some  more  or  less  oxidized  yellow  to 
brown. 

XVI.  Silt,  sand,  and  fine  gravel, 
calcareous,  gray,  up  to  I  foot  thick 
in  very  irregular  distribution  be¬ 
tween  units  XA^  and  XVII,  in  shal¬ 
low,  irregular  channels  in  Unit 
XVII;  exposed  for  about  100  feet 
west  of  AY. 

XVII.  Till,  like  Unit  XV,  but 


definitely  reddish  and  calcareous 
throughout,  exposed  for  about  50 
feet  west  of  AAr  (figs.  2  and  5)  and 
also  at  E,  under  Unit  XIV  (fig.  2). 

Interpretation 

As  the  exposure  lies  just  outside 
the  Bloomington  moraine  of  AViscon- 
sin  age,  the  highest  till,  unit  III,  and 
lower  deposits  must  be  older.  The 
only  older  unit  in  the  exposure  that 
has  part  of  a  normally  developed 
soil  profile  is  the  unit  XAr  till,  which 
is  thereby  identified  as  Ulinoian,  and 
units  III  to  XIV  are  therefore  post- 
Ulinoian  and  pre-Bloomington. 

In  eastern  Illinois  five  AVisconsin 
moraines  older  than  Bloomington  are 
recognized  in  order  from  oldest  to 
youngest,  Shelbyville,  Cerro  Gordo, 
West  Ridge,  Champaign,  and  Ur- 
bana.5  The  five  post-Illinoian  tills  in 
the  exposure — units  XI,  VIII,  VI, 
V,  and  III — might  be  considered  as 
the  drifts  correlative  with  these 
moraines,  but  for  several  reasons  this 
conclusion  is  not  held  to  be  correct. 
According  to  this  interpretation  the 
oldest  of  these  tills,  unit  XI,  should 
be  Shelbyville,  but  its  limited  distri¬ 
bution,  its  character,  and  the  de¬ 
posits  associated  above  and  below  it 
all  suggest  that  the  ice-sheet  from 
which  it  was  deposited  was  not 
nearly  as  extensive  as  the  Shelbyville 
must  have  been.  The  limited  leach¬ 
ing  of  the  top  part  of  the  sand  and 
gravel  that  constitutes  unit  VII  is 
comparable  to  that  noted  at  the  top 

5  The  Urbana  moraine  was  differentiated  by  W. 
C.  Krumbein  while  mapping  the  road-materials  re¬ 
sources  of  Champaign  County  in  1930.  It  trends 
both  northeasterly  and  southerly  from  the  east 
part  of  Urbana,  overriding  the  back  slope  of  the 
Champaign  moraine  southeast  of  Urbana.  Near 
Philo  it  becomes  again  separate  from  the  Cham¬ 
paign  moraine  and  trends  easterly.  This  portion 
was  recognized  and  designated  as  the  Inner  Ridge 
of  the  Champaign  morainic  system  by  Leverett 
(Illinois  Glacial  Lobe,  U.  S.  Geol.  Survey  Mon.  38, 
pp.  223-231,  1899). 
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Fig.  5. — Illinoian  till  overlain  by  pro- 
Farmdale  silt  and  Farmdale  till  at  W 
(contact  marked  by  head  of  upper  pick). 
Note  slope  of  contact.  Upper  part  of 
Illinoian  till  is  leached;  lower  part  is 
calcareous  and  includes  lenses  of  sand 
and  gravel  which  have  been  washed  out. 
Head  of  lower  pick  marks  contact  of 
gray  Illinoian  till  on  red  till. 

of  what  lias  been  identified  as  Sliel- 
byville  drift  elsewhere  in  eastern 
Illinois,  and  for  this  reason  both 
unit  VII  and  the  associated  till,  unit 
VIII,  are  considered  to  be  Shelby- 
ville  in  age. 

The  th  ree  higher  tills  cannot  be 
definitely  identified.  They  could  be 
any  combination  of  three  of  the  four 
post  -  Shelby ville,  pre  -  Bloomington 
drifts.  One  good  possibility,  based 
on  the  relationships  of  the  moraines, 
is  that  units  VI  and  are  respec¬ 
tively  the  Cerro  Gordo  and  West 
Ridge  drifts  and  unit  III  is  the 
Champaign  and  Urbana  drifts  com¬ 
bined.  Another  possibility,  which 


seems  more  likely,  is  that  unit  VI  is 
the  Cerro  Gordo  drift,  or  less  likely 
the  West  Ridge  drift  or  both  drifts 
combined,  unit  V  is  the  Champaign 
drift,  and  unit  III  is  the  Urbana 
drift.  In  support  of  this  correlation 
are  (a)  the  evident  partial  erosion  of 
unit  VI  after  deposition  and  the  con¬ 
centration  of  boulders  which  would 
be  ascribed  to  the  Champaign  glacier 
overriding  the  older  drifts  as  it  ad¬ 
vanced,  and  (b)  the  thin  layer  of  silt 
and  sand  (unit  IV)  between  units  V 
and  III,  which  accords  with  the 
glaciofluvial  deposits  associated  with 
both  the  Champaign  and  Urbana 
drifts  as  known  elsewhere. 

The  uppermost  sand  and  gravel, 
unit  II,  is  Bloomington  outwash,  and 
the  top  silt,  unit  I,  is  post-Urbana 
Wisconsin.  Its  overlap  on  succes¬ 
sively  older  deposits  along  the  west 
slope  of  Hungry  Hollow  shows  that 
it  was  there  deposited  after  the  val¬ 
ley  had  been  developed. 

The  correlation  of  units  VII  and 
VIII  as  Shelbyville  and  unit  XV  as 
Illinoian  with  a  Sangamon  weath¬ 
ered  zone  leaves  the  unit  XI  till  a 
hitherto  unrecognized  and  unidenti¬ 
fied  drift  in  eastern  Illinois.  In 
stratigraphic  sequence  it  is  at  the 
position  of  Farmdale  drift,  which 
has  recently  been  reported  in  north¬ 
ern  Illinois,* 6  and  it  is  herewith  so 
identified.  The  deposits  above  and 
below  it  are  in  harmony  with  this 
identification.7 

The  layering  of  this  till,  the  inter¬ 
layer  partings  of  sand  and  silt,  the 
lenses  of  silt,  the  fossils  and  wood 

c  Shaffer,  Paul  R.,  Farmdale  drift:  Science,  vol. 

119,  no.  3098,  pp.  693-694,  May  14,  1954. 

7  Previously  (Eveland,  op.  cit.,  pp.  20-22,  fig. 
10,  geologic  sec.  13,  p.  30)  this  till  was  identified 
as  Illinoian,  in  the  belief  that  the  noncalcareous 
clay,  unit  X,  above  it  was  guinbotil,  and  accord¬ 
ingly  the  lower  till,  unit  XV,  with  a  leached  zone 
was  identified  as  Kansan  instead  of  Illinoian. 


Farmdale  Drift 


135 


fragments,  and  the  manner  of  their 
inclusion  are  all  evidence  that  it  is 
a  water-laid  till,  that  is,  a  till  de¬ 
posited  in  intimate  association  with 
standing  water.  The  noncalcareous 
clay,  unit  X,  and  the  generally  cal¬ 
careous  silt,  unit  IX,  above  it  and 
the  calcareous  silt  and  sand  and 
gravel,  units  XII  A  and  XII  B,  and 
the  noncalcareous  silt  and  gravel, 
units  XIII  and  XIV,  below  it  are 
also  evidently  water-laid.  All  of 
them  were  deposited  in  a  valley 
eroded  in  Illinoian  till,  whose  west 
wall  is  at  W.  Because  the  Farmdale 
till  and  associated  deposits  were  evi¬ 
dently  laid  down  in  standing  water, 
it  follows  that  the  valley  must  have 
drained  northerly ;  it  was  blocked 
and  the  water  in  it  impounded  by 
the  Farmdale  glacier  advancing 
from  the  north. 

Units  IX  and  X  are  considered 
post  -  Farmdale,  pre  -  Shelbyville, 
units  XII  A  and  XII  B  are  con¬ 
sidered  pre-Farmdale,  post-Sanga¬ 
mon,  and  units  XIII  and  XIV  are 
considered  Sangamon  in  age.  Units 
IX  to  XII  inclusive  are  therefore 
equivalent  in  age  to  the  Farmdale 
loess  that  is  distributed  widely  over 
much  of  Illinois  and  many  adjacent 


Fig.  6. — Pebble  band  marking  contact 
of  Shelbyville  till  on  Illinoian  till  west 
of  W. 


states.  The  change  from  the  non¬ 
calcareous  unit  XIII  to  the  calcar¬ 
eous  unit  XII  is  believed  to  mark  the 
advance  of  the  Farmdale  glacier, 
when  the  calcareous  loess  that  was 
associated  with  it  began  to  be  washed 
into  the  Danville  valley. 

The  leached  zone  on  the  Illi¬ 
noian  till  is  also  considered  Sanga¬ 
mon  in  age.  Its  thinning  upwards 
on  the  valley  wall  would  be  normal. 
The  age  of  the  red  till,  unit  XVII, 
can  not  be  positively  determined 
from  the  local  exposures.  The  red 
till  is  believed  to  have  been  deposited 
by  an  advance  of  the  Illinoian  gla¬ 
cier  earlier  than  the  one  that  de¬ 
posited  the  gray,* * * * * * 8  but  it  could  be 
Kansan,  in  which  case  the  entire 
Yarmouth  weathering  profile  was 
eroded  prior  to  the  advance  of  the 
Illinoian  glacier.  The  silt,  sand,  and 
gravel,  unit  XVI,  between  the  tills 
would  therefore  be  either  intra-Uli- 
noian  in  age,  deposited  at  some  time 
between  the  two  advances,  or  pro- 
Illinoian. 

Geologic  History 

After  the  deposition  of  the  Illi¬ 
noian  drifts  and  the  ultimate  retreat 
of  the  Illinoian  glacier,  there  de¬ 
veloped  in  the  vicinity  of  Danville  a 
valley  that  was  apparently  the  Sang- 
amon-age  successor  to  the  north¬ 
ward-draining  preglacial  Danville 

valley.9  The  west  wall  of  the  vallev 

*/  «/■ 

is  exposed  in  the  drainage  ditch.  A 

s  Three  advances  of  the  Illinoian  glacier— Pavson, 

Jacksonville,  and  Buffalo  Hart — have  been  recog¬ 

nized. 

Leighton,  M.  M.,  and  Willman,  II.  B.,  Loess  for¬ 

mations  of  the  Mississippi  Valley:  Jour.  Geol.,  vol. 

58,  no.  0,  Nov.  1950,  pp.  599-623  (fig.  2),  1950; 

reprinted  as  Ill.  Geol.  Survey  Kept.  Inv.  149. 

9  Horberg,  C.  L.,  A  major  buried  valley  in  east- 
central  Illinois  and  its  regional  relationships:  Jour. 
Geol.,  vol.  53,  no.  5,  1945,  fig.  2  ;  reprinted  as  111. 
Geol.  Survey  Kept.  Inv.  100. 

— ,  Bedrock  topography  of  Illinois:  111. 
Geol.  Survey  Bull.  73,  p.7l,  plates  1  and  2,  1950. 
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normal  weathering  or  soil  profile 
could  not  develop  on  the  valley  walls, 
because  of  constant  slope-erosion, 
but  the  walls  were  leached  to  depths 
which  increased  downslope.  The 
normal  profile  that  presumably  was 
developed  on  the  upland  drift-plain 
bordering  the  valley  was  removed  by 
the  Wisconsin  glaciers.  Gravel  re¬ 
sidual  from  the  erosion  of  the  valley 
and  its  tributaries  accumulated  in 
the  bottom  of  the  valley.  Noncalcar - 
eons  silt  and  pebbles  derived  from 
the  leached  and  weathered  drift  on 
the  uplands  and  slopes  accumulated 
over  the  gravel  at  the  sides  and  up 
the  slopes  of  the  valley. 

When  the  Sangamon  interglacial 
stage  was  terminated  by  the  advance 
of  the  Farmdale  glacier,  the  char¬ 
acter  of  the  deposits  in  the  valley 
changed.  A  cooler  climate  with 
greater  precipitation  and  greater 
erosion  on  the  uplands  may  have  pre¬ 
vailed.  Calcareous  silt  derived  from 
the  loess  associated  with  the  Farm- 
dale  drift  began  to  be  washed  into 
the  valley.  Later  this  silt  graded  to 
sand  and  then  to  gravel  on  the  sides 
of  the  valley,  presumably  as  the  gla¬ 
cier  approached.  Coarser  material 
accumulated  in  the  bottom  of  the 
valley,  although  the  evident  grada¬ 
tion  from  coarse  gravel  at  the  base 
to  silt  at  the  top  seems  to  be  contrary 
to  the  succession  expected  with  rela¬ 
tion  to  an  advancing  glacier.  This 
may  be  accounted  for  by  the  fact 
that  the  valley  was  dammed  by  the 
glacier.  Considerable  driftwood  and 
humus  material  of  local  derivation 
was  mixed  with  the  proglacial  de¬ 
posits. 

In  due  time  the  Farmdale  glacier 
advanced  to  the  vicinity  of  Danville. 
As  noted  above,  the  till  must  have 


been  deposited  in  intimate  associa¬ 
tion  with  water,  probably  in  a  lake 
created  by  the  damming  of  Danville 
Valley.  The  limited  distribution  of 
the  till,  apparently  restricted  to  the 
valley,  suggests  that  the  local  glacier 
was  not  expansive  and  was  probably 
only  a  tongue  extending  up  the  val¬ 
ley,  probably  never  far  beyond  this 
locality. 

The  noncalcareous  clay  layer  im¬ 
mediately  above  the  till  supports  this 
view.  Its  character  indicates  that  the 
clay  was  leached  before  deposition, 
and  it  is  therefore  interpreted  as  com¬ 
posed  of  pre-Farmdale  Sangamon 
soil  washed  from  adjacent  uplands 
into  the  valley  as  it  was  locally  freed 
from  but  still  impounded  by  the  re¬ 
treating  Farmdale  glacier.  If  the 
Farmdale  glacier  had  covered  all  of 
the  upland  areas  adjacent  to  the  val¬ 
ley,  the  Sangamon  soil  would  have 
been  covered  by  calcareous  Farmdale 
drift  and  any  material  washed  into 
the  valley  from  the  uplands  follow¬ 
ing  the  deposition  of  the  till  would 
have  been  calcareous  also. 

The  calcareous  silt  over  the  lion- 
calcareous  clay  is  also  interpreted  as 
wash  into  the  valley.  Its  calcareous 
content  is  believed  to  have  derived 
from  fresh  Farmdale  drift  and  loess, 
exposed  as  the  Farmdale  retreated 
farther  but  while  the  valley  was  still 
impounded. 

Subsequent  to  the  recession  of  the 
Farmdale  glacier  there  was  little 
erosion  in  the  valley  before  the  ad- 
vance  of  the  Shelbyville  glacier. 
How  much  the  Shelbyville  glacier 
eroded  the  valley  deposits  cannot  be 
ascertained,  but  on  the  adjacent  up¬ 
land  it  eroded  all  the  Sangamon  soil 
down  into  zone  4  of  the  weathering 
profile,  so  that  its  drift  now  lies  di- 


Farmdale  Drift 


rectly  on  calcareous,  oxidized  Illi- 
noian  till,  and  it  truncated  the  post- 
Sangamon  deposits  along  the  side  of 
the  valley.  The  thinness  and  absence 
of  Shelbyville  till  in  the  old  Danville 
valley  indicates  that  the  valley  either 
was  maintained  during  the  Shelby¬ 
ville  glaciation,  possibly  as  a  sub- 
glacial  channel,  or  was  revived  as 
the  glacier  retreated  and  was  filled 
with  outwash  from  the  retreating 
glacier. 

As  a  result  either  of  periglacial 
congeliturbation  at  this  or  a  later 
glacial  time  or  of  plastic  flow  in¬ 
duced  by  the  weight  of  post-Shelby- ' 
ville  glaciers,  the  post  -  Farmdale, 
pre-Shelby  ville  clay  and  silt  beds  in 
the  valley  were  forced  into  diapirs10 
projecting  up  into  the  Shelbyville 
outwash. 

Subsequent  to  Shelbyville  glacia¬ 
tion  there  was  a  brief  period  of 
weathering,  during  which  the  upper 
part  of  the  Shelbyville  outwash  sand 
was  leached  and  oxidized.  This  pe¬ 
riod  was  terminated  by  the  advent  of 
the  Cerro  Gordo  glacier.  Following 
the  recession  of  the  Cerro  Gordo  and 
West  Ridge  glaciers,  the  Champaign 
glacier  advanced  over  the  area,  erod¬ 
ing  most  of  the  Cerro  Gordo  and 
West  Ridge  drifts  and  faceting, 
striating,  and  polishing  the  boulders 
concentrated  on  the  surface  of  the 
older  till.  With  the  retreat  of  the 
Champaign  glacier  and  perhaps  also 
with  t lie  advance  of  the  Urbana  gla¬ 
cier  a  little  silt  and  sand  outwash 
was  deposited.  The  retreat  of  the 
Urbana  glacier  was  followed  by  the 
advances  of  the  Bloomington  glacier 
to  a  point  1/4  to  1/3  of  a  mile 

10  Mrazec,  L.,  Les  plis  diapirs  et  les  riiapirisme 
en  general:  Comptes-Hendus  des  seances  Just.  Geol. 
de  Rourrianie,  Tome  V  (1913-1915),  pp.  226-270, 
1923. 
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from  the  exposure.  A  considerable 
amount  of  outwash  Avas  discharged 
from  the  Bloomington  glacier  and 
distributed  irregularly  over  the  area 
in  front  of  it. 

The  last  glacial  episode  recorded 
in  the  exposure  Avas  the  deposition 
of  loess,  following  the  Urbana  and 
Bloomington  glaciations.  It  proba¬ 
bly  continued  during  the  Tazewell 
substage  at  least,  and  may  liaA^e  con¬ 
tinued  into  the  Cary  and  Mankato 
substages. 

Since  the  deposition  of  the  loess, 
all  the  loess  and  the  upper  part  of 
the  Urbana  till  has  been  leached. 
The  valley  of  Middle  Fork  has  been 
eroded  through  all  the  glacial  de¬ 
posits  to  bedrock.  During  its  de¬ 
velopment  the  loess  has  Avashed  down 
its  slopes  to  mantle  the  older  de¬ 
posits. 

School  House  Branch 

The  succession  of  glacial  deposits 
exposed  in  a  series  of  streambank 
cuts  along  School  House  Branch  (B 
in  fig.  1),  a  tributary  of  Hungry 
Hollow  lying  about  500  feet  north  of 
and  roughly  paralleling  the  highway 
on  the  north  side  of  the  drainage 
ditch,  corroborates  the  interpretation 
given  above. 

In  the  northeast  valley-wall,  at  the 
point  where  the  valley  changes  from 
a  southeasterly  course  to  an  easterly 
course,  there  is  a  normal  succession 
of  Wisconsin  till  in  the  upper  part, 
over  a  few  inches  of  sand,  over  a  few 
inches  of  chocolate-brown  Farmdale 
loess,  over  Sangamon  soil  and  gum- 
botil.  hi  the  streambed  a  few  feet 
lower  and  some  yards  to  the  south¬ 
east  is  calcareous  red  till.  This  seems 
to  be  the  same  red  lllinoian  till  noted 
in  the  drainage  ditch ;  whether  the 
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gumbotil  is  developed  on  this  red 
till  or  on  a  gray  till  overlying  it 
could  not  be  ascertained. 

Northwest  a  few  hundred  feet 
gumbotil  is  exposed  in  the  low  stream 
banks  at  and  just  above  stream  level. 
It  is  overlain  by  Farmdale  loess  and 
thin  calcareous  drift.  Reddish  leach¬ 
ed  drift  underlies  the  gumbotil. 

Downstream  about  100  feet  from 
the  first  exposure  a  vertical  bank 
20-25  feet  high  along  the  east  side 
of  the  east  limb  of  a  stream  meander 
exposes  calcareous  Wisconsin  till  in 
the  upper  part,  calcareous  reddish 
till  at  the  base,  and  several  feet  of 
noncalcareous  clayey  gravel  with 


lenses  of  calcareous  silt  in  between. 
This  clayey  gravel  has  the  appear¬ 
ance  of  colluvium11  and  is  interpreted 
as  a  deposit  equivalent  to  the  Sang¬ 
amon  gravel  and  silt  in  whole  or  in 
part,  and  in  part  to  the  post-Farm- 
dale  clay  and  silt,  in  the  drainage 
ditch.  It  is  evident  that  the  west 
edge  of  the  old  valley  lies  between 
these  two  exposures,  and  for  this 
reason  the  valley  would  probably  not 
be  very  deep  at  the  second.  Farther 
down  the  branch  till  and  pro-Farm- 
dale  silt  are  preserved  in  the  deeper 
part  of  the  old  Danville  valley. 

11  In  Eveland,  op.  cit.,  fig.  9A  (p.  19)  and  geol. 
sec.  14  (pp.  30-31),  this  material  was  designated  as 
Sangamon  over  Yarmouth  gumbotil. 
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A  TECHNIQUE  FOR  APPLICATION  OF  THE  ROSIWAL 
METHOD  OF  ANALYSIS  TO  BROKEN  COAL  STUDIES* 

JOHN  A.  HARRISON 

State  Geological  Survey,  TJrbana 


This  is  a  report  on  a  technique 
for  utilizing  the  Rosiwal  method  of 
analysis  to  determine  the  percentage 
of  various  banded  ingredients  and 
other  constituents  in  broken  coal  pre¬ 
paratory  to  more  extensive  studies. 
Thin -section  and  polished -surface 
studies  have  been  used  for  many 
years  to  determine  the  percentage 
of  banded  ingredients  and  mineral 
matter  in  column  samples  and  blocks 
of  coal.  Previous  methods  of  study¬ 
ing  broken  coal  were  found  to  be  in¬ 
adequate  for  the  detailed  study 
planned. 

Since  1898  petrologists  have  used 
the  Rosiwal  method  of  analysis,  or 
some  variation  of  it,  to  estimate  the 
mineralogical  composition  of  a  rock 
by  microscopic  examination.  This 
method  consists  of  making  parallel 
traverses  across  a  specimen  at 
regular  intervals  and  recording  the 
amount  of  each  constituent  observed. 
It  is  based  on  the  assumption  that, 
as  stated  by  Grout,  ‘The  sum  of  the 
lengths  recorded  for  each  mineral 
may  be  assumed  to  be  proportional 
to  the  volumetric  occurrence  of  the 
mineral  in  the  rock.”1 

Lincoln  and  Reitz2  reviewed  the 
Rosiwal  method  of  analysis  and 
found  it  to  be  valid.  Chayes3  has 

*  Published  with  permission  of  the  Chief,  Illinois 
State  Geological  Survey. 

1  Grout,  F.  F.,  Textbook  of  petrography  and 
petrology:  New  York,  McGraw-Hill,  p.  17,  1932. 

-Lincoln,  E.  C.,  and  Reitz,  H.  L.,  The  determi¬ 
nation  of  the  relative  volumes  of  the  components  of 
rocks  bv  mensuration  methods :  Econ.  Geology,  vol. 
8,  pp.  120-139,  1913. 

3  Chayes,  F.,  The  theory  of  thin-section  analysis: 
Jour.  Geol.,  vol.  02,  no.  1,  pp.  92-101,  Jan.  1954. 


recently  evaluated  the  micrometric 
method  of  analysis  and  states  that  it 
is  always  a  potentially  accurate  pro¬ 
cedure.  He  stresses  that  “the  in¬ 
accuracy  of  a  micrometric  analysis 
is  never  the  result  of  a  failure  in  the 
basic  theory  relating  area  to  volume. 
It  is  always  traceable  to  unsatisfac¬ 
tory  technique  or  sampling  which  is 
either  inadequate  or  inefficient.” 

Several  foreign  workers  have  used 
methods  of  linear  measurement, 
based  on  the  Rosiwal  concept,  in 
polished -surface  and  broken -coal 
studies  of  European  coals.  A  recent 
publication  of  work  by  Abramski, 
Mackowsky,  Mantel,  and  Stach4  is  an 
excellent  reference  for  studies  in  an- 
thracology  using  polished  surfaces 
for  either  broken  coal  or  column 
sample  study.  Hacquebard5  and 
Lahiri  have  used  a  similar  method  in 
recent  investigation  on  crushed  coal 
samples  in  Nova  Scotia. 

The  author  wishes  to  express  his 
appreciation  to  Dr.  Gilbert  H.  CadyG 
for  suggesting  the  application  of  the 
Rosiwal  method  of  analysis  as  ap¬ 
plied  to  broken  coal  and  for  his  ad¬ 
vice  in  developing  the  techniques. 

Procedure 

Thorough  tests  of  the  binocular 
stereoscopic  microscope,  previously 

4  Atlas  fiir  Angewandte  Steinkohlenpetrographie, 

Deutschen  Kohlenbergbau-Leitung  in  Verbindung 
mit  dem  Amt  fii  Bodenforschung,  Verlag  GlUckhauf, 
G.M.B.H.— Essen,  1951. 


6  Hacquebard,  P.  A.,  personal  communication. 

3  Cady,  Gilbert  H.,  Senior  Geologist  and  Head  of 
the  Coal  Division,  Illinois  State  Geological  Survey, 
Emeritus. 
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Table  1.— Results  of  Comparison  Tests  Between  Block  and  Broken 

Coal  Analysis 


Coal 

Vi  train 

Clarain 

Inert  ini  te 

Mineral 

matter 

Virginia  Imboden . 

Block  count  % . 

29.08 

59.68 

9.41 

1  . 83 

Broken  coal  count  % .  .  . 

29.91 

58.60 

9.64 

1.85 

1  )ifference . 

0.83 

1.08 

0.23 

0.02 

%  difference . 

2.77 

1.84 

2.39 

1.08 

W.  Kv.  #  9 . 

Block  count  % . 

70 . 92 

25.54 

2.80 

0.74 

Broken  coal  count  % .  .  . 

72 . 02 

24.28 

2.90 

0.80 

Difference . 

1.10 

1.26 

0.10 

0.06 

%  difference . 

1.53 

5.19 

3.45 

7.50 

Illinois  #6 . 

Block  count  % . 

50.43 

38.84 

4.82 

5.91 

(sample  #2) 

Broken  coal  count  %.  .  . 

51.96 

38.25 

3.51 

6.28 

Difference . 

1 . 53 

0.59 

1.31 

0.37 

%  difference . 

2.94 

1.54 

37 . 32 

5.89 

Illinois  #6 . 

Block  count  % . 

41  .03 

55.65 

1.48 

1 . 86 

(sample  #1) 

Broken  coal  count  % .  .  . 

40.76 

55.45 

2.18 

1.61 

Difference . 

0.27 

0.20 

0.70 

0.25 

%  difference . 

0.66 

0.36 

32.11 

15.52 

Illinois  #7 . 

Block  count  % . 

54.07 

38 . 76 

0.70 

6.47 

(sample  #1) 

Broken  coal  count  %.  .  . 

54.31 

39.35 

0.90 

5.44 

Difference . 

0.24 

0.59 

0.20 

1.03 

%  difference . 

0.44 

1.50 

22.22 

18.93 

Illinois  Cutler  Rider? .  . 

Block  count  % . 

45.67 

52 . 32 

1.53 

0.48 

(Gallatin  Co.) 

Broken  coal  count  % .  .  . 

44.76 

50.95 

1.75 

2.54 

Difference . 

0.91 

1.37 

0.22 

2.06 

%  difference . 

2.03 

2.68 

12.57 

81.10 

Illinois  Reynoldsburg.  . 

Block  count  % . 

59 . 30 

39.53 

0.39 

0.78 

Broken  coal  count  % .  .  . 

59.71 

39.63 

0.14 

0.52 

Difference . 

0.41 

0.09 

0.25 

0.26 

%  difference . 

0.69 

0.23 

178.5 

50.0 

Illinois  #7 . 

Block  count  % . 

40 . 98 

57.53 

0.62 

0.87 

(sample  #2)* 

Broken  coal  count  % .  .  . 

40.30 

58.08 

1.06 

0.56 

Difference . 

0.68 

0.55 

0.43 

0.31 

%  difference . 

1.69 

0.95 

40.56 

55.35 

Illinois  #5 . 

Block  count  % . 

26.16 

65 . 83 

1.31 

6.70 

Broken  coal  count  %.  .  . 

26.12 

64.62 

3.12 

6.14 

Difference . 

0.04 

1.21 

1.81 

0.56 

%  difference . 

0.15 

1.87 

58.01 

9.12 

*  Sample  that  was  sized. 
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Table  2. — Percent  of  Difference  Between  Block  and  Broken-Coal  Analyses 
Giving  Maximum,  Minimum,  and  Average  Differences 


Coals 

%  difference 
in  vitrain 

Illinois  #6 . 

0.66 

Max.  diff.-2.94 

(sample  1) 

Illinois  #6 . 

2.94 

(sample  2) 

Illinois  #7 . 

(sample  1) 

0.44 

^Illinois  #7 . 

(sample  2) 

1.69 

Min.  diff.-0.44 

Illinois  Reynoldsburg . 

0.69 

Illinois  “Cutler  Rider” . 

(Gallatin  Co.)* 

2.03 

Illinois  #5 . 

1.65 

Virginia  Imboden* . 

2.77 

Av.  cliff.— 1 . 60 

Western  Kentucky  #9 . 

1.53 

*  Samples  in  which  more  than  10  traverses  were  made. 


used  in  broken  coal  studies,  showed 
its  inadequacy  in  this  investigation 
because  of  limited  magnification  and 
methods  of  illumination.  Coal  com¬ 
ponents  as  small  as  1  micron  (1/1000 
mm)  may  be  distinguished  by  using 
a  metallurgical-type  microscope  with 
vertical  illumination  and  oil  immer¬ 
sion  objectives.  Magnification  up  to 
(140  times  for  very  detailed  studies 
is  possible ;  however  a  magnification 
of  200  times  was  found  most  satisfac¬ 
tory  for  ordinary  quantitative  mi¬ 
croscopic  analysis. 

A  high  degree  of  polish  is  neces¬ 
sary  in  the  identification  of  coal  con¬ 
stituents.  It  is  important  to  choose 
a  binding  material  with  sufficient  ad¬ 
hesion  to  prevent  broken  coal  from 
being  torn  loose  in  polishing  and  also 
vvith  approximately  the  same  hard¬ 


ness  as  coal.  Carnauba  wax,  Lumer- 
ith  No.  12144, 7  Transoptic  powder,8 
and  bakelite  under  a  pressure  of  500 
psi  and  a  temperature  of  250°  F., 
were  found  to  have  sufficient  adhe¬ 
sive  qualities  and  a  hardness  com¬ 
parable  to  that  of  coal.  All  of  these 
mounting  mediums  have  been  used 
in  this  study,  but  the  Transoptic 
powder  was  found  to  be  the  most 

satisfactory.  Bakelite  was  used  in 

*/ 

earlier  tests,  but  in  most  tests  the 
broken  coal  was  mixed  with  Trans- 
optic  powder  in  equal  amounts  by 
volume  and  solidified  into  1%-inch 
blocks  in  a  specimen-mounting  press 
at  285°  F.  and  a  pressure  of  3,000 
psi- 

In  this  investigation  a  block  of 

7  Celanese  Celluloid  Corp. 

s  A.  I.  Buehler  Ltd. 
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coal,  or  a  block  containing1  broken 
coal,  was  first  ground  to  a  flat  sur¬ 
face  on  a  laboratory  grinding-lap 
using  carborundum  powders  of  220- 
and  400-grit,  It  was  then  ground  by 
hand  on  glass  plates,  using  400-, 
800-,  1200-,  and  3200-mesh  emery 
powder  successively,  which  resulted 
in  a  flat,  smooth,  dull  surface.  The 
final  highly  polished  surface  was  ob¬ 
tained  in  three  additional  steps  by 
first  using  Goddard’s  silver  polish 
on  silk  velvet,  then  distilled  water 
(running)  on  a  high  quality  billiard 
cloth,  and  finally,  distilled  water 
(running)  on  Microcloth.9  A  very 
light  touch  is  necessary  in  the  final 
polishing  stages.  Photomicrographs 
of  samples  prepared  by  the  above 
method  are  shown  in  figure  1. 

In  order  to  test  techniques  of 
preparation,  the  results  obtained 
from  a  Rosiwal  method  of  analysis 
of  polished  blocks  of  coal  and  of  the 
same  coal  after  it  had  been  broken 
and  mounted  were  compared.  Nine 
blocks  were  picked  at  random  from 
seven  different  coal  beds,  but  these 
blocks  do  not  necessarily  represent 
an  average  sample  of  the  bed.  These 
blocks,  2  cm.  square  and  1  cm.  thick, 
were  cut  and  polished,  and  the  per¬ 
centage  of  the  various  banded  in¬ 
gredients  across  the  coal  block  per¬ 
pendicular  to  banding  was  deter¬ 
mined. 

Seven  of  the  blocks  were  broken 
individually  with  a  mortar  and  pes¬ 
tle  to  pass  a  28-mesh  Tyler  screen, 
mounted  in  a  binding  material,  pol¬ 
ished,  and  restudied  under  the  mi¬ 
croscope.  Results  of  all  the  studies 
are  given  in  table  1.  Broken  coal 
from  the  block  of  Reynoldsburg  coal 
was  divided  equally  into  two  parts 


and  these  were  mounted  separately 
for  comparative  study.  The  remain¬ 
ing  sample,  sample  2  of  the  Illinois 
No.  7  coal,  was  broken  and  screened 
to  five  sizes — plus  35  mesh,  35  x  48M, 
48  x  65M,  65  x  100M,  and  minus  100 
mesh,  and  each  size  fraction  was 
mounted  and  studied  separately. 

Ten  parallel  traverses,  2  cm.  long, 
were  run  on  each  block.  In  the  solid 
blocks  the  traverses  were  4  mm. 
apart.  On  the  broken  coal  blocks 
the  traverses  were  2  mm.  apart,  ex¬ 
cept  that  12  traverses  were  made  (6 
in  one  direction  and  6  perpendicular 
to  them)  on  a  broken  coal  sample 
that  was  screened  and  mounted  in 
five  separate  bakelite  blocks.  The  re¬ 
sults  of  the  60  traverses  on  this  sam¬ 
ple  were  averaged  and  against  these 
averages  the  solid-block  count  was 
checked.  On  the  broken  coal  blocks 
of  three  samples — the  Imboden  coal, 
sample  1  of  the  No.  7  coal,  and  the 
“Cutler  Rider”  coal — an  additional 
ten  traverses  were  made  perpendicu¬ 
lar  to  the  first  ten  to  help  in  deter¬ 
mining  the  proper  number  of  trav¬ 
erses  to  give  the  least  differential 
error.  An  average  of  100  coal  par¬ 
ticles  were  intersected  in  each  2  cm. 
traverse,  making  an  approximate 
total  of  1000  particles  of  coal  ob¬ 
served  in  each  ten-traverse  broken 
coal  analysis,  2000  particles  in  the 
20-traverse,  and  6000  particles  in  the 
sized  sample.  Prom  table  2  it  can 
be  seen  that  neither  these  additional 
traverses  nor  a  detailed  study  of  the 
sized  sample  was  necessary  for  in¬ 
creased  accuracy,  as  the  average  per¬ 
centage  difference  for  the  nine  sam¬ 
ples  is  1.60.  Only  one  (sample  1  of 
the  No.  7  coal)  of  the  four  tests  in 
question  gave  a  difference  less  than 
this.  The  results  of  this  phase  of  the 


9  A.  I.  Buehler  Ltd. 
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Fig.  1. — Microphotographs  of  coal  (approx,  x  200) 

A.  1.  Vitrain.  2.  Clarain. 

B.  1.  Vitrain.  2.  Clarain.  3.  Mounting  medium. 

C.  1.  Clarain;  the  grey  groundmass  of  vitrinite  shows  inclusion  of  rather  black 

spores.  2.  Mounting  medium. 

D.  1.  Clarain,  spores,  and  a  number  of  thin-tootlied  cuticles  are  included  in  the 

grey  vitrinite  groundmass.  2.  Mounting  medium. 

E.  1.  An  inertinite  hand  in  the  clarain.  Fusain  shows  “bogen  structure’'  (cell 

walls  broken  and  pushed  into  each  other).  2.  Mounting  medium. 

F.  1.  Inertinite;  fusinite  with  semifusinite  on  the  left.  2.  A  mass  of  small 

pyrite  crystals  between  the  semifusinite  and  vitrinite. 
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studies  indicate  that  ten  traverses 
are  adequate  to  give  an  accurate 
analysis. 

The  terminology  relative  to  band¬ 
ed  ingredients  follows  that  used  by 
the  German  workers,  with  some  mod¬ 
ifications.  Durain  is  generally  ab¬ 
sent  in  Illinois  coals  ;10  therefore,  the 
maceral  micrinite,  where  present,  was 
included  with  fusinite  and  semifusi- 
nite  under  the  term  inertinite.  An 
arbitrary  lower  limit  of  25  microns 
was  placed  on  vitrain.  Pyrite,  sider- 
ite,  quartz,  and  other  minerals  were 
included  under  mineral  matter. 

Future  work  should  include  a 
maceral  determination  using  no  ar¬ 
bitrary  limits,  in  addition  to  the 
banded -ingredient  analysis.  This 
method  of  representation  of  quanti¬ 
tative  petrographic  analysis  would 
be  similar  to  that  proposed  by  van 
Krevelen.* 11 


10  McCabe,  L.  C.,  Changes  in  the  constitution  of 
Illinois  coals  through  preparation  processes,  and 
the  importance  of  these  changes  on  utilization : 
Illinois  Geol.  Survey  Circ.  23A,  pp.  13-15,  1938. 

11  Van  Krevelen,  D.  W.,  Representation  of  the 
quantitative  petrographical  analysis  by  means  of  a 
decimal  code ;  A  proposal  made  before  the  first 
session  of  the  International  Committee  on  Coal 
Petrology  at  Galeen  (Holland)  June  8  to  11,  1953. 


Conclusions 

The  results  obtained  in  this  study 
show  that  the  techniques  used  in  pre¬ 
paring  the  coal  samples  enable  the 
Rosiwal  analysis  to  be  used  in  any 
anthracological  study  requiring  this 
type  of  analysis.  The  data  obtained 
in  this  specific  application  show  that 
the  percentage  of  the  banded  ingre¬ 
dients  in  a  small  block  of  coal  com¬ 
pares  favorabty  with  the  percentage 
of  banded  ingredients  in  the  same 
coal  after  it  has  been  broken  and 
analyzed  by  the  Rosiwal  method. 

Some  studies  that  may  be  im¬ 
proved  by  utilizing  these  techniques 
are : 

(1)  The  accumulation  of  data  on 
the  effect  of  mining  and  preparation 
processes  on  the  ingredient  composi¬ 
tion  of  commercially  produced  coals, 
(2)  the  accumulation  of  data  bearing 
on  the  results  of  laboratory  methods 
used  for  the  separation  and  concen¬ 
tration  of  banded  constituents,  (3) 
the  analysis  of  selected  samples  of 
coals  which  have  unusual  burning 
characteristics  in  stoker  tests,  and 
(4)  information  on  the  preparation 
of  special  samples  of  coal  for  stoker 
and  coking  tests  under  laboratory 
control. 
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Instrumental  analysis  is  the  sci¬ 
ence  of  identifying  or  resolving  mix¬ 
tures  or  complex  substances  into 
their  component  parts,  through  de¬ 
termination  of  specific  physical 
properties.  Most  methods  of  instru¬ 
mental  analysis  are  based  on  the 
principles  of  classical  general  phys¬ 
ics,  but  probably  most  of  their  appli¬ 
cations  are  in  chemistry,  biology,  and 
medicine. 

Any  instrument  for  determining 
any  physical  property  might  be  used 
as  an  analysis  instrument,  but  in 
practice  the  term  is  usually  reserved 
for  a  group  of  instruments  whose 
principal  use  is  in  determining  spe¬ 
cific  physical  properties  for  analyti¬ 
cal  purposes. 

Methods  of  Optical  Analysis 

Perhaps  no  better  example  of  a 
specific  physical  property  determi¬ 
nation  can  be  cited  than  flame  photo¬ 
metry.  The  spectator  on  July  4th 
will  admire  the  rich  red  flame  from 
the  flares  without  realizing  that  the 
color  is  produced  by  the  element 
strontium.  The  student  of  physics 
or  chemistry  may  recognize  the  more 
brilliant  but  less  vivid  green  as  pro¬ 
duced  by  barium,  and  the  white  stars 
from  the  rockets  as  such  less  active 
materials  as  iron  or  clay.  Even  the 
student  chemist  is  familiar  with 
flame  tests,  but  perhaps  without 
realizing  entirely  what  they  mean. 


To  the  speetroscopist,  the  color  of 
the  radiation  produced  by  an  in¬ 
candescent  material  is  an  indication 
of  the  molecular  activity  produced 
by  exciting  (through  heat)  the  com¬ 
ponents  of  that  material.  Figure  1 
portrays  the  emission  characteristics 
of  a  few  elements  excited  in  a  flame. 
Barium,  for  example,  displays  a  con¬ 
tinuous  spectrum,  most  intense  in  the 
green ;  to  the  eye,  therefore,  it  is 
brilliant  and  greenish.  Strontium 
shows  only  a  short  section,  in  the 
red ;  it  appears  more  vivid  in  color 
(less  admixed  with  white)  but  less 
brilliant  than  barium.  Sodium,  with 
a  visible  spectrum  concentrated  in 
two  lines  very  close  together,  is  a 
distinctive  yellow  to  the  eye,  and 
conspicuous  in  a  spectrogram.  Ma¬ 
terials  which  are  less  easily  excited 
by  the  relatively  low  temperature  of 
the  flame  (clay,  for  example)  emit 
a  continuous  spectrum  and  appear 
yellowish  white. 

The  flame  photometer  can  be  made 
to  give  quantitative  as  well  as  quali- 
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tative  information,  using  compara¬ 
tive  methods.  That  is,  the  intensity 
of  radiation  at  appropriate  wave 
lengths  indicates  relative  quantities 
of  material  being  excited  into  radia¬ 
tion.  The  instrument  is  “calibrated” 
with  solutions  of  known  concentra¬ 
tions  ;  then,  if  both  the  flame  and  the 
rate  of  addition  of  sample  are  uni¬ 
form,  quantitative  analysis  is  pos¬ 
sible. 

A  flame  photometer,  therefore, 
comprises  a  burner  to  activate  sam¬ 
ples,  a  spectrum-analyzing  device 
such  as  a  prism,  diffraction-grating 
or  interference-filter  assembly,  and  a 
device  for  measuring  the  intensity  of 
the  selected  spectrum  range. 

Where  extremely  high  tempera¬ 
tures  are  required  to  excite  molecu¬ 
lar  activity,  spark  or  arc  excitation 
is  used,  and  the  spectral  intensities 
are  often  recorded  on  a  photographic 
plate. 

Activity  can  also  be  induced  in 
many  molecules  b}r  applying  light ; 
at  certain  frequencies  (colors)  ener¬ 
gy  will  be  absorbed  by  the  sample, 
indicating  that  corresponding  mole¬ 
cular  activity  is  taking  place.  The 
optical  transmission  of  the  specimen 
is  ordinarily  plotted  against  fre¬ 
quency;  this  is  spectrophotometry — 
a  very  powerful  method  of  analysis. 

Colorimetry,  involving  low  rather 
than  high  spectral  resolution,  differs 
from  spectrophotometry  in  that 
white  light  is  applied  to  the  speci¬ 
men,  with  color  filters  used  to  isolate 
certain  portions  of  the  spectrum ; 
typically,  a  set  of  tri-color  filters, 
each  permitting  roughly  one-third  of 
the  visible  spectrum  to  pass,  is  used. 
The  data  is  expressed  in  terms  of 
these  filter  characteristics.  Such 
measurements  are  more  used  in  de¬ 


scribing  appearance  (as  in  matching 
pigments,  paints,  etc.)  than  in  de¬ 
termining  composition ;  they  do  not 
usually  attain  the  sensitivity  of  spec- 
trophotometric  instruments— largely 
because  their  measurement  is  that  of 
a  small  difference  in  a  relatively 
large  quantity.  The  use  of  mono¬ 
chromatic  light  (in  the  spectrophoto¬ 
meter)  greatly  increases  sensitivity, 
resolution,  and  accuracy. 

Another  group  of  optical  methods 
is  based  on  other  than  spectral  char¬ 
acteristics.  Polarimetry  (or  sac- 
charimetry)  is  a  standard  method 
for  determining  the  concentration  of 
sirups  or  sugar  solutions  (and  the 
type  of  sugar)  by  the  rotation  of  the 
plane  of  polarization  of  the  light 
passing  through  the  sample. 

Nephelometric  or  light-scattering 
methods  are  valuable  for  quantita¬ 
tive  chemical  analysis,  measurement 
of  size  of  small  solid  particles  (for 
example,  Portland  cement)  and  tur¬ 
bidity  of  solutions,  and  detection  of 
contaminants  in  suspension  in  solu¬ 
tions  ;  a  special  application  is  in  the 
determination  of  actual  size  and 
shape  of  molecules.  Related  methods 
are  used  for  analyzing  suspensions, 
making  blood-cell  counts,  and  the 
like. 

Measurement  of  refractive  index, 
reflection  characteristics,  and  other 
optical  characteristics  are  useful  in 
the  study  of  both  solid  and  liquid 
samples. 

The  history  of  these  methods  may 
be  of  interest.  Nephelometry  origi¬ 
nated  in  the  work  of  John  Tyndall, 
90  years  ago,  in  his  study  of  sus¬ 
pended  particles  in  the  atmosphere. 
Spectrophotometry  was  born,  prob¬ 
ably,  in  the  early  1800 ’s,  with  Wol¬ 
laston  ’s  observation  and  Fraun- 
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hofer’s  classification  of  the  absorp¬ 
tion  lines  in  the  sun’s  spectrum.  The 
polarimeter  was  used  in  sugar  re¬ 
fineries  in  1842,  by  sugar  growers  in 
1863,  and  in  1883  received  govern¬ 
mental  sanction  in  tariff  assessment. 
But  it  is  only  in  the  last  20  to  30 
vears  that  methods  of  instrumental 
analysis  have  been  highly  developed. 

Another  method  based  on  optical 
concepts  (involving  absorption  of  ra¬ 
diant  energy)  is  fluorimctric  analy¬ 
sis.  In  this  technique,  a  sample  is 
irradiated  with  ultraviolet,  exciting 
certain  of  its  molecules  and  produc¬ 
ing  visible  light.  The  intensity  of 
the  light  is  measured,  and  perhaps 
analyzed,  with  the  spectrophoto¬ 
meter.  The  method  is  especially 
valuable  in  detecting  very  small 
amounts  of  radioactive  material  in 
biological  samples,  as  it  is  extremely 
sensitive.  It  can  easily  detect  im¬ 
purities  in  all  except  the  best  grades 
of  reagent  chemicals. 

Other  optical  methods  include : 
the  electron  microscope,  which  not 
only  permits  observation  at  extreme 
magnification  but  also  actual  analy¬ 
sis  in  some  instances ;  X-ray  and 
electron  diffraction  methods,  which 
measure  intercrystalline  lattice  di¬ 
mensions  by  using  the  crystalline 
material  as  a  diffraction  grating 
traversed  by  radiation  of  known 
wave-length ;  and  the  field  emission 
microscope,  which  produces  actual 
images  of  molecular  structures. 

Microscopic  techniques  in  general 
are  highly  developed;  for  example, 
spectrophotometric  analysis  can  be 
made  on  single  cells,  permitting 
study  of  cell  structure  and  growth 
in  a  manner  beyond  the  imagination 
a  generation  ago. 


Methods  for  Thermal  Analysis 

These  are  many  and  varied.  Vapor 
pressure  of  microsamples  of  solu¬ 
tions  is  determined  by  minute  differ¬ 
ences  in  temperature  between  sample 
and  standard  solutions.  Mechanical 
properties  may  be  studied  through 
coefficients  of  thermal  expansion, 
transmission,  etc.  Mixtures  of  crys¬ 
talline  materials  may  be  resolved  by 
thermal  analysis —  change  of  state 
being  indicated  by  differential  tem¬ 
perature  measurements  over  wide 
ranges.  Gas  analysis  by  thermal 
conductivity  is  standard  in  many 
fields. 

Mechanical  Analysis  Methods 

Variations  in  hardness  over  a  wide 
area  or  within  a  single  crystal  can 
be  measured.  The  absorption  of  vi¬ 
brational  energy  in  an  elastically 
loaded  specimen  may  disclose  de¬ 
fects,  or  it  may  be  used  to  determine 
the  mechanical  properties  of  the  ma¬ 
terial.  One  primary  advantage  of 
most  instrumental  analysis  methods 
is  that  they  do  not  destroy  the  sam¬ 
ple.  Measurements  of  viscosity  can 
show  the  behavior  of  a  liquid  in  its 
handling  and  normal  use,  and  com¬ 
bined  with  other  measurements  can 
provide  information  as  to  essential 
molecular  structure.  Particle-size 
classification  may  be  made  by  sedi¬ 
mentation  and  elutriation. 

Ultrasonic  Methods 

The  relatively  new  group  of  meth¬ 
ods  employing  high-frequency  sound 
transmission,  though  mechanical  in 
nature,  deserves  a  classification  of 
its  own.  In  addition  to  their  use  in 
preparation  and  treatment  of  ma¬ 
terials,  high-frequency  sound  meth- 
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ods  are  used  to  determine  viscosity 
of  liquids,  composition  of  gases,  con¬ 
centration  of  vapors,  and  the  sound¬ 
ness  or  strength  properties  of  solids. 
They  are  of  special  value  since  they 
can  produce  a  continuous  indication 
of  the  property,  rather  than  inter¬ 
mittent  values  from  individual  sam¬ 
ples. 

Already  listed,  then,  are  methods 
based  on  light,  heat,  mechanics,  and 
sound;  the  other  classical  fields  of 
physics  are  electricity  and  magnet¬ 
ism — and  they  include  many  such 
methods. 

Methods  of  Electro- Analysis 

The  chemist  has  an  entire  series 
of  electrometric  and  magnetometric 
methods,  many  of  them  combined 
with  other  techniques.  The  mag¬ 
neto-optic  and  electro-optic  effects 
(rotation  of  the  plane  of  polariza¬ 
tion  of  light  when  an  electric  or 
magnetic  field  is  applied)  are  not 
much  used  in  laboratory  instru¬ 
mental  analysis,  but  are  of  great 
value  in  pure  research,  especially 
in  the  structure  of  matter.  (His¬ 
torically,  the  Zeeman  effect  was  of 
the  greatest  importance  in  the  for¬ 
mation  of  the  electron  theory  of  mat¬ 
ter.  ) 

Magnetometric  analysis — analysis 
based  on  the  magnetic  properties  of 
matter — involves  several  different 
phenomena.  Magnetic  susceptibil¬ 
ity,  magnetic  permeability,  coerciv- 
ity,  and  para-  and  dia-magnetism  are 
the  properties  perhaps  most  impor¬ 
tant.  (Ferromagnetic  materials  are 
usually  placed  in  a  class  alone.) 

Magnetochemistry  is  based  on  the 
fact  that  all  materials  are  magnetic 
to  some  degree,  although  in  general 
very  much  less  so  than  the  ferromag¬ 


netic  materials  commonly  termed 
“magnetic.”  Gases  as  well  as  liq¬ 
uids  and  solids  display  the  property  ; 
there  are  available  commercial  in¬ 
struments  for  oxygen  analysis  based 
on  this  fact.  Concentrations  of  solu¬ 
tions  can  often  be  measured  by  their 
magnetic  susceptibility,  correcting 
for  the  contained  water. 

For  the  rare  earths,  the  customarv 
quantitative  analysis  procedures  are 
not  satisfactory.  Determinations  by 
magnetic  susceptibility  measure¬ 
ments  are  practical;  measurements 
are  made  at  different  temperatures 
and  pressures,  and  at  various  field 
strengths. 

Also  employing  magnetic  princi¬ 
ples  is  the  mass-spectrometer,  in 
which  a  beam  of  atoms  is  accelerated 
by  an  electric  field  through  a  trans¬ 
verse  magnetic  field.  Since  their  de¬ 
flection  by  the  magnetic  field  is  in 
inverse  proportion  to  their  mass,  the 
different  atoms  are  separately  col¬ 
lected.  The  mass-spectrometer  has 
been  used  to  prepare  extreme^  pure 
material,  as  in  separating  isotopes. 

Among  the  methods  of  electro- 
analysis,  polarography  and  arnpero- 
metric  analysis  are  most  widely  used. 
These  methods  employ  a  cell  con¬ 
taining  the  test  solution  and  fitted 
with  suitable  electrodes,  a  source  of 
current,  and  a  recording  or  indicat¬ 
ing  device  by  which  the  current  is 
plotted  against  the  potential.  Fre¬ 
quently  a  dropping-mercury  elec¬ 
trode  is  used,  with  a  current  such 
that  complete  polarization  of  the 
mercury  drop  occurs  as  each  drop 
is  formed,  and  a  fresh  surface  ap¬ 
pears  as  each  drop  falls.  In  this 
condition,  the  electrode  potential 
alternates  between  that  of  the  polar¬ 
ized  and  the  unpolarized  condition, 
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and  as  the  applied  voltage  is  varied 
the  electrode  potential  record  dis¬ 
plays  a  series  of  steps.  From  the 
shape  of  these  steps,  the  solution 
composition  may  be  determined.  Ex- 
tremely  dilute  solutions  can  be  used ; 
thus  microsamples  can  be  analyzed. 

Determination  of  conductance,  di¬ 
electric  constant,  and  loss-factor  of 
chemical  solutions  are  measurements 
of  electrical  parameters  and  are  ac¬ 
complished  by  the  usual  laboratory 
methods,  with  an}^  modifications  re¬ 
quired  by  the  application.  They  are 
used  for  determining  the  essential 
characteristics  of  compounds,  for. 
quantitative  analysis,  and  for  indus¬ 
trial  control.  For  example,  in  many 
steam  power  plants  the  conductance 
of  the  boiler  water  is  continually 
measured  to  insure  that  scale  will  not 
form,  and  in  ocean-going  vessels  the 
surrounding  seawater  may  be  con¬ 
tinually  measured  to  control  the 
evaporators.  In  biological  research, 
measurements  can  be  made  on  sus¬ 
pensions  of  living  cells,  and  by  using 
high-frequency  current  for  the  mea¬ 
surement,  the  conductance  of  the  in¬ 
terior  of  the  cells  may  be  found, 
without  the  insulating  effect  of  the 
cell  walls. 

One  of  the  most  widely-used  in¬ 
struments  for  electroanalysis  is  the 
“pH  meter,”  an  instrument  for  de¬ 
termining  the  acidity  or  basicity  of 
solutions.  A  classic  method  uses  “in¬ 
dicators,”  which  are  usually  weak 
organic  acids  having  distinctive  col¬ 
ors  changing  in  the  salt  form.  While 
1  here  are  one  or  two  indicators  hav¬ 
ing  extremely  wide  ranges  of  opera¬ 
tion,  usable  in  a  wide  variety  of  con¬ 
ditions,  most  careful  work  employs 
electrical  methods  for  determin¬ 
ing  the  hydrogen-ion  concentration. 


Table  1. — Principal  Methods  of  Instru¬ 
mental  Analysis. 

1.  Optical  methods 

A.  Involving  high  spectral  resolu¬ 
tion: 

Spectrophotometry,  spectro- 
graphy,  etc. 

B.  Involving  low  spectral  resolu¬ 
tion  : 

Colorimetry,  etc. 

C.  Involving  other  operating  char¬ 
acteristics  : 

Refractometry,  polarimetry, 
fluorimetry,  nephelometry, 
etc. 

D.  Related  methods: 

Electron  microscopy,  X-ray 
and  electron  diffraction,  field 
emission  microscopy. 

2.  Thermal  methods 

A.  Differential  thermal  analysis: 

Vapor  pressure,  change  of 
state,  etc. 

B.  Thermal  conductivity  (analysis 
of  gases,  liquids,  solids). 

3.  Mechanical  methods 

A.  Static  mechanical  methods: 

Hardness,  etc. 

Strength  properties. 

Density,  etc. 

B.  Dynamic  mechanical  methods: 

Sonic  methods. 

Viscosimetry. 

Sedimentation,  elutriation,  etc. 

(Stokes’  Law). 
Centrifugation. 

Solvent  chromatography. 

4.  Electrical  and  magnetic  methods 

A.  Magneto-optic  and  electro-optic 
effects. 

B.  Magnetometric  analysis: 

Magnetic  susceptibility. 
Magnetic  permeability. 
Coercivity. 

Para-  and  dia-magnetism. 

C.  Mass-spectrometry. 

D.  Polarography  and  amperometric 
analysis. 

E.  Conductance,  dielectric  constant. 

F.  Gyromagnetic  phenomena. 

G.  Electrometric  pH  measurement. 

H.  Radiation  measurement. 

5.  Chromatography,  electrophoresis,  ion 

exchange,  and  differential  migra¬ 
tion  methods. 
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Available  instruments  permit  mak¬ 
ing-  continuous  pH  measurements 
(even  flowing  in  pipelines)  for  con¬ 
trolling  value  and  for  determining 
reaction  end-points. 

Measurement  of  radiation  itself  is 
more  strictly  electrical  in  nature. 
Any  penetrating  radiation — whether 
of  the  high-energy  particles  emitted 
by  radioactive  materials,  visible 
light,  ultraviolet,  or  infrared — can 
be  measured  by  electrical  means. 

Radioactive  particles  are  usually 
detected  by  their  effect  in  ionization 
chambers,  or  in  proportional  or 
Geiger-Mueller  counters.  They  may 
actually  be  counted  or  their  effect 
(their  rate  of  arrival)  displayed  as 
a  meter  indication.  Since  their  be¬ 
havior  varies  from  type  to  type,  in¬ 
struments  may  be  made  to  establish 
their  type  as  well  as  their  number. 

The  use  of  such  devices  for  de¬ 
tecting  radioactive  material  is  well 
known,  but  some  of  the  subsidiary 
uses  are  less  well  known — for  ex¬ 
ample,  determination  of  age  of  ar¬ 
cheological  finds  by  measuring  con¬ 
tained  radioactivity.  Objects  several 
thousand  years  old  are  dated  with 
fair  accuracy. 

One  other  technique  for  instru¬ 
mental  analysis  should  be  mentioned 
before  closing  a  necessarily  incom¬ 
plete  list — electrophoresis  and  chro¬ 
matographic  analysis.  Chromatog¬ 
raphy  is  not  especially  new;  it  origi¬ 
nated  with  Day  in  1900  and  Tswett 


in  1902.  But  it  is  still  one  of  the 
most  active  fields  for  research,  with 
its  various  modifications. 

Simply  stated,  chromatography  is 
the  separation  of  a  solution  or  mix¬ 
ture  into  its  constituents  by  passing 
it  through  an  absorbent  column  of 
some  sort,  so  that  by  differential 
migration  and  absorption  the  various 
components  become  segregated  at 
different  locations.  There  are  many 
different  methods,  suited  to  different 
materials  and  degrees  of  separation. 
Instead  of  solvent  flow  to  cause  mi¬ 
gration,  electric  potential  may  be 
used ;  this  is  especially  suited  to  sep¬ 
aration  of  certain  proteins,  and  is 
called  electrophoresis.  An  analog¬ 
ous  method  is  centrifugation,  by 
which  components  differing  slightly 
in  density  can  be  separated.  These 
methods  of  separation  are  often  com¬ 
bined  with  other  analytical  methods 
to  determine  the  characteristics  of 
the  segregated  material. 

Many  of  the  methods  of  instru¬ 
mental  analysis  depend  upon  con¬ 
cepts  which  receive  no  emphasis  in 
undergraduate  courses  in  physics 
and  are  perhaps  unfamiliar  to  the 
student.  Without  attempting  to  dis¬ 
cuss  these  concepts  in  detail,  it  might 
be  possible  to  add  some  leavening  to 
the  physics  curriculum — even  in 
high  school — and  add  interest  to  it, 
as  well  as  to  present  a  more  detailed 
picture  of  what  is  one  of  our  most 
active  fields  of  physical  science. 
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CONSERVATION  OF  ENERGY  IN  AN 
INELASTIC  COLLISION 

HAROLD  P.  STEPHENSON 
Illinois  Wesleyan  University,  Bloomington 


Mechanics  teaches  that  for  colli¬ 
sions  between  real  bodies,  momentum 
is  always  conserved  and  some  linear 
kinetic  energy  is  always  lost.  In 
considering  this  contrast  between  the 
vector  quantity  (momentum)  and 
the  scalar  quantity  (kinetic  energy), 
I  have  had  occasion  to  solve  the  fol¬ 
lowing  problem  in  classical  mechan¬ 
ics. 

A  block  of  mass  m  slides  on  a  fric¬ 
tionless  plane  with  initial  velocity 
v0.  It  collides  with  a  second  block 
of  mass  M,  which  is  initiallv  at  rest 
and  which  is  provided  with  a  spring 
bumper  (fig.  1).  After  the  “colli¬ 
sion,”  the  mass  m  is  assumed  to  at¬ 
tach  itself  to  the  end  of  the  spring, 
and  the  problem  is  to  find  the  equa¬ 
tions  of  motion  for  the  blocks  and  to 
resolve  the  various  energy  terms. 

Using  the  symbols  indicated  in  fig¬ 
ure  1  and  assuming  that  at  time 
t=0,  the  initial  conditions  are 

=v0,  Vy=V0— 0,  xo=0,  y0=D0,  Vx 

the  differential  equations  of  motion 
will  be 

mD“x  =  — k  D0  +k(y- — x)  (1) 

MD2y  =  +kD0  — k(y— x),  (2) 

d 

where  I)  =  — . 
dt 


Elimination  of  x  (or  y)  between 
equations  1  and  2  leads  to  the  fol¬ 
lowing  single  equation  in  y  (or  x)  : 

(D4  +  </>2D2)  y=0,  (3) 

k  mM 

where  </>2  —  /  and  y  =  - =  re- 

y  m-f-M 

ducecl  mass. 

The  solution  of  equation  3  by 
standard  means  results  in  the  fol¬ 
lowing  expressions  for  x  and  y,  the 
instantaneous  positions  of  the  two 
masses  after  the  collision : 

y  y 

X  = - V0  Sill  <f>  t  -\ - V0t  (4) 

m  </>  M 

— y  y 

y= - v0  sin  (f>t  -) - -v„t  +  D0  (5) 

Mc/>  M 

For  an  ordinary  inelastic  collision 
the  relationship  between  the  initial 
and  final  velocities  would  be 


m  v0  =  ( m +M )  V 


velocity.  Hence  equations  4  and  5 
would  take  the  form 
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M  V  _  Vo— V 

x  = - sin  </>  t  — (—  Vt  =  - 

m  <f>  <f> 

sin  <f>  t  -j-  V  t  (4') 

—V 

y  -  —  sin  </>t +  V  t  +  Do  (5') 
</> 

Tlie  solutions  consist  of  a  constant 
velocity  part  and  an  oscillatory  part. 

For  the  energy  calculations  the 
expressions  for  the  instantaneous 
velocity  of  the  masses  are  required : 


V)  cos  (ft  -f-  V 

(6) 

cos  f>  t) 

(7) 

It  is  interesting  to  note  that  the  mass 
which  was  originally  at  rest  peri¬ 
odically  comes  to  rest  after  the  col¬ 
lision.  This  is  true  regardless  of  the 
relative  values  of  the  masses. 

With  the  use  of  equations  6  and  7 
and  by  taking  time  averages,  it  may 
now  be  shown  that 

1  1  1  1 

— mv02  =  -mV2  +  -MV2  +  -MV2  + 

2  2  2  4 

1  _  1 

-m(v0- — V)2  +  -/xv02  (8) 

4  4 

The  term  on  the  left-hand  side  of  the 
equation  is  the  initial  kinetic  energy 
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Fig.  1. — Collision  of  two  masses  on 
frictionless  plane. 


of  the  mass  m.  The  first  term  on  the 
right-hand  side  is  the  “steady-state” 
kinetic  energy  of  mass  m  after  the 
collision,  and  the  second  term  is  the 
corresponding  kinetic  energy  for 
mass  M.  The  next  two  terms  are  the 
average  values  of  the  vibrational 
kinetic  energies  of  the  masses,  and 
the  last  term  is  the  average  value  of 
the  potential  energy  of  the  spring 
after  collision.  All  the  initial  energy 
is  therefore  completely  accounted  for 
by  purely  mechanical  expressions. 

In  equation  8  the  last  three 
“spring  terms”  are  the  energy 
terms  which  produce  heat  as  the 
spring  motion  gradually  dies  out. 
Whether  the  heat  production  be  ac¬ 
complished  in  a  shorter  or  longer 
length  of  time  seems  to  be  immaterial 
to  the  problem.  Thus  it  appears  that 
there  is  no  such  thing  as  an  “in¬ 
elastic”  collision  in  nature,  onlv 
elastic  collisions  for  which  the  time 
of  heat  production  ma}^  be  extremely 
short.  Actually  a  collision  with  heat 
losses  is  what  we  all  mean  when  we 
speak  of  inelastic  collisions,  but  it  is 
well  to  bear  in  mind  that  the  heat 
losses  are  due  to  the  real  properties 
of  materials  and  not  to  any  inherent 
tendency  of  collision  processes  to 
convert  linear  kinetic  energy  into 
heat. 
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PSYCHOLOGY,  EDUCATION,  AND 
SOCIAL  SCIENCE 

CONSERVATION  EDUCATION  IN 
SOUTHERN  ILLINOIS  HIGH  SCHOOLS1 

W.  D.  KLIMSTRA  and  J.  C.  OBERHEU! 

Southern  Illinois  University ,  Carbonclale 


Progress  in  conservation  education 
lias  been  hampered  by  lack  of  public 
interest  and  understanding  (Cal¬ 
houn,  1951).  In  attempting  to  pre¬ 
sent  what  are  believed  to  be  sound' 
programs,  the  conservation  interests 
have  been  stymied  by  the  public’s 
lack  of  support  and  reluctance  to 
accept  a  philosophy  so  important  to 
our  nation.  As  with  any  program, 
without  an  informed  and  under¬ 
standing  public,  there  is  little  chance 
of  success  regardless  of  the  merits. 
An  uninformed  public  will  often 
give  priority  to  undesirable  and  un¬ 
sound  programs  which  have  been 
promoted  for  the  selfish  interest  of 
pressure  groups.  Lack  of  public  sup¬ 
port,  both  financial  and  other,  makes 
it  possible  for  such  groups  to  inaug¬ 
urate  policies  favoring  individual  in¬ 
terests  at  the  expense  of  better, 
more  beneficial  conservation  action. 
Doubtlessly  the  only  adequate  an¬ 
swer  to  these  and  other  similar  prob¬ 
lems  in  better  public  education. 

Several  years  ago,  John  W.  Stude- 
bacher,  United  States  Commissioner 
of  Education,  stated  (Missouri  Con¬ 
servation  Commission  1940,  p.  9)  : 


1  Special  Research  Projects,  Southern  Illinois  Uni¬ 
versity,  Carbondale,  Illinois. 

2  The  authors  wish  to  acknowledge  the  assistance 
of  tiie  many  administrators  and  teachers  who  pro¬ 
vide;!  data. 

r  i 


It  is  more  and  more  recognized 
that  we  need  intelligent  action  to¬ 
ward  a  nationwide,  effective,  per¬ 
manent  program  in  conservation. 
Organized  public  education  offers 
the  best,  if  not  the  only,  means  of 
ultimately  and  fully  accomplish¬ 
ing  this  purpose. 

Our  best  opportunity  for  effective 
‘‘organized  public  education”  be¬ 
gins  in  our  schools.  It  is  in  school 
that  children  begin  to  learn  the  first 
principles  of  citizenship  and  become 
acquainted  with  some  of  the  prob¬ 
lems  and  situations  to  be  faced  in 
later  life.  An  essential  of  good  citi¬ 
zenship  is  a  proper  attitude  toward 
conservation  of  our  natural  resources 
(National  Committee  on  Policies 
in  Conservation  Education,  1949). 
Schools  are  obligated  to  assume  lead¬ 
ership  for  the  adoption  of  the  phi¬ 
losophy  and  practice  of  conservation. 

In  spite  of  the  easily  recognizable 
place  of  conservation  in  any  school 
curriculum,  it  is  evident  that  our 
present  conservation  education  pro¬ 
gram  is  largely  inadequate.  Even  in 
the  high  schools,  which  often  offer 
the  final  opportunity  for  impressing 
proper  attitudes  of  citizenship  upon 
our  youth,  the  topic  is  too  often  neg¬ 
lected  or  even  ignored.  To  remedy 
this  situation  is,  admittedlv,  a  diffi- 


154 


Illinois  Academy  of  Science  Transactions 


cult  and  slow  task,  but  the  serious¬ 
ness  of  the  problem  allows  little  de¬ 
lay. 

•/ 

The  initial  step  in  the  improve¬ 
ment  of  any  program  is  to  obtain  a 
knowledge  of  the  existing  status. 
This  enables  an  evaluation  of  both 
strong  and  weak  points  in  order  that 
time  and  effort  are  not  wasted.  As 
a  step  in  that  direction,  an  attempt 
has  been  made  to  evaluate  the  cur¬ 
rent  status  of  conservation  educa¬ 
tion  in  southern  Illinois  high  schools. 

Much  of  the  information  was  ob¬ 
tained  by  questionnaires  mailed  to 
the  principals  of  156  schools  in  the 
southern  34  counties  of  Illinois. 
These  were  limited  to  a  few  short- 
answer  questions  so  that  time  and 
effort  in  completing  them  would  be 
minimum.  In  addition,  approxi¬ 
mately  40  individual  school  adminis¬ 
trators  and  teachers  were  visited  for 
further  evaluation  of  the  informa¬ 
tion  supplied. 

Of  the  156  questionnaires,  113 
(78.8  percent)  were  returned. 
Seventy-five  percent  of  the  total  re¬ 
turns  were  received  in  the  first  week, 
the  remainder  being  received  at  a 
decreasing  rate  over  a  three-week 
period.  Those  received  the  first  week 
were  some  indication  of  the  extent  to 
which  this  group  was  interested  in 
conservation.  Returns  sent  after  the 
initial  week  might  be  considered  rep¬ 
resentative  of  principals  mildly  in¬ 
terested,  whereas  the  21.2  percent 
not  returned  were  those  having  no 
particular  interest.  Such  an  evalu¬ 
ation  is  entirely  arbitrary  and  is 
hardly  a  valid  index  of  conservation 
interest.  However,  it  does  serve  the 
purpose  of  giving  an  overall  ap¬ 
proximation  of  attitudes. 


With  one  exception  all  principals 
believed  that  high  school  graduates 
should  have  a  fundamental  knowl¬ 
edge  of  conservation.  Approximately 
84  percent  were  of  the  opinion  that 
current  graduates  had  an  inadequate 
concept,  whereas  only  about  2  per¬ 
cent  felt  that  sufficient  understand¬ 
ing  was  attained.  The  remainder 
(14  percent)  believed  that  only  a 
few  of  their  yearly  graduates  were 
properly  trained.  However,  most 
(97  percent)  of  the  administrators 
indicated  that  conservation  was  a 
necessary  part  of  high  school  cur¬ 
ricula. 

The  majority  (64  percent)  of  the 
principals  felt  that  conservation 
should  be  integrated  into  specific 
courses  and  about  25  percent  thought 
it  best  worked  into  all  courses.  Only 
about  10  percent  were  of  the  opinion 
that  separate  courses  were  desirable. 
One  percent  wanted  it  taught  in  spe¬ 
cial  courses  and  also  integrated  in 
all  others  possible. 

Thirty-two  percent  of  the  schools 
admitted  no  conservation  in  their 
curricula.  Another  10  percent 
claimed  only  partial  emphasis;  58 
percent  believed  that  they  do  empha¬ 
size  conservation.  Of  this  latter 
group,  26  percent  answered  merely 
that  it  was  taught  in  course  work. 
Of  the  remainder  (74  percent),  52 
percent  listed  specifically  general 
science,  49  percent  vocational  agri¬ 
culture,  45  percent  biology,  and  26 
percent  social  studies.  Four  prin¬ 
cipals  reported  health  as  related  to 
human  conservation,  while  six  indi¬ 
cated  that  conservation  was  taught 
either  in  specific  courses  or  as  a  unit 
of  some  other  course.  Other  courses 
listed  were  geography,  home  eco¬ 
nomics,  chemistry,  and  coal  mining. 


C o  n se  w  a  t  io  i i  E d  u c a  t  ion 
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Extracurricular  activities  which 
gave  some  emphasis  to  conservation 
were  indicated  by  37  percent  (42) 
of  the  schools.  Of  this  group  60  per¬ 
cent  had  PFA  clubs,  14  percent 
PIIA  clubs,  and  approximately  12 
percent  conservation  clubs.  Other 
activities  were  nature  clubs,  hunting 
and  fishing  clubs,  field  trips,  camp¬ 
ing,  conservation  projects,  audio¬ 
visual  aids,  and  lectures.  Few  schools 
felt  their  activities  met  desirable 
standards. 

Approximately  56  percent  of  the 
principals  thought  that  all  high 
school  teachers  should  have  conserva¬ 
tion  training;  44  percent  believed  it 
necessary  for  only  specific  teachers. 
Of  48  principals  favoring  specific 
teacher  training,  88  percent  included 
instructors  in  natural  science,  66 
percent  in  agriculture,  and  48  per¬ 
cent  in  social  studies.  Others  recom¬ 
mended  were  those  in  physical  sci¬ 
ences,  home  economics,  and  health. 

The  majority  (66  percent)  of  the 
principals  felt  that  teachers  in  their 
school  systems  would  be  interested 
in  conservation  education  if  it  were 
made  available.  Eighteen  percent 
said  there  would  be  no  interest,  and 
others  were  doubtful  and  apparently 
had  made  no  effort  to  find  out.  The 
data  indicated  that  approximately 
290  teachers  in  67  schools  would  like 
to  obtain  training  in  conservation. 
Only  17  schools  reported  that  none 
of  their  instructors  would  be  inter¬ 
ested.  Twenty-nine  of  the  schools, 
however,  did  not  answer  this  par¬ 
ticular  question. 

It  is  gratifying  to  learn  that  prin¬ 
cipals  almost  unanimously  agree  that 
a  fundamental  knowledge  of  conser¬ 
vation  is  a  necessary  part  of  high 
school  training.  Further,  they  rec¬ 


ognize  that  current  graduates  have 
an  inadequate  concept.  The  lack  of 
factual  knowledge  is  probably  not  at 
fault,  but  rather  it  is  the  absence  of 
the  proper  attitude  toward  conserva¬ 
tion.  It  seems  imperative  that  all 
teachers  should  strive  to  develop  this 
attitude.  Schools  seem  to  emphasize 
information  only  on  specific  re¬ 
sources  rather  than  to  stress  an  un¬ 
derstanding  of  the  balance  of  the 
natural  environments,  or  the  many 
controlling  interrelationships  under 
which  the  environment  operates. 

There  is  considerable  disagree¬ 
ment  as  to  how  conservation  is  to  be 
taught,  despite  the  fact  that  the  ma¬ 
jority  of  the  principals  believe  it  an 
essential  part  of  high  school  curric¬ 
ula.  A  substantial  majority,  how¬ 
ever,  indicate  that  integration  into 
specific  courses  is  best.  Most  edu¬ 
cators  agree  that  conservation  should 
not  be  taught  as  a  specific  course,  but 
rather  as  an  integrated  subject.  Spe¬ 
cial  courses  will  likely  have  a  limited 
enrollment  with  only  a  few  students 
benefiting.  The  conservation  prob¬ 
lem  is  too  important  to  permit  any 
students  to  graduate  without  some 
concept.  It  is  agreed  that  conserva¬ 
tion  is  most  directly  related  to  the 
natural  and  social  sciences,  but  it  is 
also  an  inseparable  part  of  most  sub¬ 
jects  when  they  are  presented  in  a 
practical  and  objective  manner. 

The  majority  of  the  schools  ap¬ 
parently  have  some  kind  of  conser¬ 
vation  emphasis,  mostly  integrated 
in  natural  science  courses.  This  in¬ 
formation  on  emphasis  may  be  of 
small  value,  for  some  principals, 
realizing  the  inadequacy  of  the  little 
conservation  in  their  schools,  may 
have  given  a  negative  answer.  Others 
wishing  to  defend  their  teaching 
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methods  are  probably  unwilling  to 
admit  that  conservation  is  neglected, 
and  therefore  if  there  is  anv  sem- 
blance  of  it  taught  in  their  schools 
they  report  it  as  being  emphasized. 
Examples  of  these  are  many  of  the 
schools  that  encourage  science  pro¬ 
jects,  camping,  outdoor  education 
and  clubs.  Unless  there  is  careful 
planning  and  adequate  supervision, 
the  time  is  largely  wasted. 

Individual  teachers,  no  matter  how 
capable,  are  generally  inadequate  in 
coping  with  the  problem  of  conser¬ 
vation  (Eckelberry  and  Johnson, 
1949).  Because  it  is  a  part  of  so 
many  areas  of  living  and  learning, 
high  schools  must  be  organized  with 
conservation  as  one  of  the  major 
objectives.  In  other  words,  it  must 
be  a  cooperative  responsibility  of  the 
entire  school  staff.  A  major  cause 
for  failure  in  southern  Illinois  and 
elsewhere  is  the  tendency  to  shove 
it  off  on  the  science  teacher  instead 
of  recognizing  that  it  is  a  duty  of 
all  members  of  the  staff. 

Many  principals  feel  that  current 
teachers  are  overloaded  and  have 
little  time  for  special  preparation  of 
conservation  material  with  which 
they  are  unfamiliar.  The  dominant 
feeling  is  that  conservation  training 
of  every  teacher  is  the  ideal  situa¬ 
tion.  This  can  be  most  quickly  and 
effectively  obtained  through  making 
it  a  requirement  of  teacher  training. 
The  large  number  of  teachers  who 
desire  conservation  training  is  a 
strong  indication  of  deficiencies  in 
their  background  which  are  recog¬ 
nized  when  on  the  job.  It  is  gen¬ 
erally  agreed  that  anything  other 
than  extension  classes  will  probably 
be  unsuitable  for  those  now  instruct¬ 
ing. 


It  is  apparent  that  many  of  the 
schools  are  missing  an  opportunity 
to  stress  conservation  by  their  lack 
of  well-planned  extracurricular  ac¬ 
tivities.  The  chief  activities  now  be¬ 
ing  pursued  are  UFA  and  FHA 
clubs.  It  is  not  too  much  to  expect 
that  each  school  should  have  at  least 
one  such  organization.  The  Junior 
Academy  of  Science  offers  an  ex¬ 
cellent  outlet  for  some  activity.  The 
small  number  of  schools  now  active 
indicates  a  serious  deficiency  in  an 
important  phase  of  education. 

This  survey  of  secondary  schools 
in  southern  Illinois  seems  to  indicate 
that  our  high  school  programs  are 
inadequate  in  the  field  of  conserva¬ 
tion  instruction.  The  major  prob¬ 
lem  appears  to  be  in  the  training  of 
our  teachers.  These  people  not  only 
lack  a  basic  understanding  of  our 
resources  but  also  the  tools  with 
which  to  present  conservation  funda¬ 
mentals  in  their  courses.  It  appears 
that  our  present  programs  put  too 
much  stress  on  methods  and  too  little 
on  understanding  of  the  basic  prob¬ 
lems  of  living.  A  single  course  in 
the  natural  or  physical  sciences  will 
not  suffice  as  the  fundamental  train¬ 
ing  of  high  school  instructors.  Addi¬ 
tional  work  is  necessary  in  order  for 
them  to  recognize  fully  the  import¬ 
ance  of  conservation  to  the  welfare 
of  our  nation. 

It  is  well  recognized  that  school 
administrators  are  often  narrow  in 
their  perspective.  Numerous  teach¬ 
ers  repeatedly  complain  of  lack  of 
support.  Administrators  fail  to  give 
the  proper  encouragement  and  do 
not  feel  it  their  duty  to  see  that  con- 
servation  is  integrated  into  their 
school  system.  As  a  result,  they  have 
largely  placed  the  responsibility  on 
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the  shoulders  of  science  teachers,  if 
the}7  have  given  an}7  thought  to  it  at 
all.  It  is  imperative  that  in  the 
future  our  teachers  be  adequately 
trained  so  that  they  may  fully  un¬ 
derstand  and  be  able  to  present  con¬ 
servation  in  its  fullest.  Further, 


those  going  into  the  administrative 
field  should  be  properly  acquainted 
with  all  important  phases  of  teach¬ 
ing  other  than  just  those  on  how  to 
promote  and  administrate  a  func¬ 
tional  school  system. 
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A  CULTURAL  ENGINEERING  COURSE 
FOR  NONENGINEERS 

JERRY  S.  DOBROVOLNY 

University  of  Illinois,  Urbana 


As  our  western  civilization  lias  con¬ 
tinued  to  advance,  the  contributions 
by  the  engineer  have  become  steadily 
more  important.  However,  very  little 
effort  has  been  made  by  others  to  in- 
quire  about  his  methods  or  his  back¬ 
ground.  Engineering  students  on 
the  other  hand  have  for  many  years 
broadened  their  social  and  personal 
backgrounds  by  taking  courses  in 
other  colleges  of  the  university, 
thereby  better  preparing  themselves 
to  carry  out  their  responsibilities  to 
their  future  employers  and  society  as 
a  whole. 

Many  nonengineering  students  up¬ 
on  graduation  will  have  to  deal  with 
engineers  and  engineering  develop¬ 
ments  either  directly  or  indirectly, 
and  some  have  indicated  a  desire  for 
a  course  that  would  broaden  their 
knowledge  of  the  field  of  engineer¬ 
ing.  In  addition  to  these  requests 
many  noted  engineers,  administra¬ 
tors,  and  educators,  such  as  James 
B.  Conant,  former  President  of  Har¬ 
vard  University  and  present  High 
Commissioner  of  Germany,  have  also 
written  about  the  need  of  such  a 
course  designed  for  the  nontechnical 
student. 

At  the  University  of  Illinois  a  new 
and  pioneer  course,  developed  to  sat¬ 
isfy  this  demand,  is  being  offered  for 
the  first  time  this  year.  General  En¬ 
gineering  250 — The  Philosophy  and 
Methods  of  Engineering — is  open  to 
nonengineering  students  only.  The 
one  prerequisite  of  the  course  is  that 


the  student  has  at  least  a  junior 
standing  in  the  University.  The 
course  was  developed  by  a  committee 
whose  members  are  from  all  depart¬ 
ments  within  the  College  of  Engi¬ 
neering. 

After  preliminary  discussions 
within  the  committee  and  consulta¬ 
tion  with  educators  in  the  fields  of 
commerce,  political  science,  history, 
sociology,  education,  law,  and  phi¬ 
losophy  as  well  as  other  fields,  the 
committee  was  convinced  that  such  a 
course  would  fill  a  void  that  has  ex¬ 
isted  for  a  considerable  length  of 
time.  The  favorable  comment  from 
others  for  such  an  undertaking 
spurred  the  committee  on  to  work 
out  a  suitable  course  outline. 

The  committee  outlined  the  objec¬ 
tives  of  the  course  as  follows:  (1) 
To  develop  an  understanding  of  en¬ 
gineering  principles  and  an  insight 
into  the  analytical  methods  of  engi¬ 
neering  so  that  the  student  will  be 
able  to  apply  the  same  approach  to 
problems  in  his  particular  field;  (2) 
To  review  historically  the  role  that 
engineering  has  played  in  the  de¬ 
velopment  of  Western  civilization 
with  respect  to  religion,  commerce, 
and  government  so  that  the  student 
would  have  an  appreciation  of  how 
engineering  is  integrated  with  other 
social  institutions;  and  (3)  To  de¬ 
velop  an  understanding  of  what  an 
engineer  is  like  and  what  types  of 
projects  the  engineer  is  qualified  to 
undertake,  and  to  point  out  that  in 
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many  cases  the  engineering  solution 
to  a  particular  problem  is  but  one 
step  in  an  overall  solution  which  re¬ 
quires  the  cooperative  effort  of  peo¬ 
ple  with  backgrounds  in  disciplines 
other  than  engineering. 

Keeping  the  above  objectives  in 
mind,  the  committee  outlined  a  basic 
course,  dividing  it  into  four  major 
parts :  Part  I,  Historical  Back¬ 

ground  ;  Part  II,  Characteristics  of 
Engineering;  Part  III,  Engineering 
Problems  and  Methods ;  and  Part  IV, 
Sociological  Aspects  of  Engineering. 

In  Part  I,  Historical  Background, 
emphasis  is  placed  upon  develop¬ 
ments  of  an  engineering  nature  in 
prehistoric  cultures  when  man  first 
began  to  harness  the  forces  of  nature 
for  the  purpose  of  improving  his 
standard  of  living.  Many  of  the  de¬ 
velopments  discussed  are  still  in  the 
process  of  development  today,  among 
these  being  such  items  as  transporta¬ 
tion,  agriculture,  urbanization,  and 
communication.  The  principle  that 
“necessity  is  the  mother  of  inven¬ 
tion7’  is  brought  out,  as  well  as  the 
continual  correlation  between  the  de¬ 
velopment  of  Western  civilization. 
The  history  of  scientific  thought  is 
presented  from  the  first  contribu¬ 
tions  of  deductive  reasoning  by  the 
Greeks  through  the  development  of 
inductive  Newtonian  methods  during 
the  seventeenth  century  to  the  pres¬ 
ent-day  methods  of  science  and  tech¬ 
nology.  Starting  out  with  a  histori¬ 
cal  approach  has  proved  to  be 
very  effective  during  development 
of  other  phases  of  the  course. 

In  Part  II,  Characteristics  of  En¬ 
gineering,  the  terms  engineer  and 
eyigineering  are  defined  and  dis¬ 
cussed.  The  evolution  of  scientific 
thought  is  discussed,  and  particular 


care  is  taken  to  differentiate  between 
science  and  engineering.  The  im¬ 
portance  of  research  and  develop¬ 
ment  with  respect  to  engineering  is 
also  pointed  out.  The  work  per¬ 
formed  by  various  kinds  of  engineers 
is  discussed  and  the  student  learns 
the  differences  in  the  work  of  a  me¬ 
chanical  engineer,  civil  engineer, 
and  other  types  of  engineers. 

Perhaps  the  most  challenging  part 
of  the  course  is  Part  III,  Engineer¬ 
ing  Problems  and  Methods.  Most  of 
the  students  have  not  had  any  college 
mathematics,  therefore  a  nontechni¬ 
cal  approach  is  used,  outlining  the 
two  main  branches  of  formal  logic — 
deductive  and  inductive.  Then  the 
so-called  “engineering  method”  is 
outlined  in  these  terms.  Examples 
of  actual  engineering  problems  are 
used  that  vary  in  difficulty  from 
simple  arithmetical  computations  to 
more  complicated  solutions  involving 
calculus.  The  students  work  some 
of  the  simple  problems  while  the 
more  difficult  ones  are  discussed  in 
class.  The  reaction  of  the  students 
to  this  approach  has  been  very  grati¬ 
fying,  particularly  since  there  is  evi¬ 
dence  that  they  are  able  to  apply 
some  of  the  principles  of  engineering 
to  problems  in  their  respective  fields. 

In  Part  IV,  Sociological  Aspects 
of  Engineering,  the  emphasis  is 
placed  upon  the  interaction  of  engi¬ 
neering  and  other  social  forces.  The 
effects  of  inventions  and  engineer¬ 
ing  developments  upon  our  social 
system  are  discussed  at  length,  par¬ 
ticularly  with  respect  to  the  possibil¬ 
ity  of  making  predictions.  The  prob¬ 
lems  that  remain  to  be  solved  as  a 
result  of  engineering  advancements 
are  discussed  and  solutions  are  pro¬ 
posed.  It  is  pointed  out  that  many 
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of  these  problems  can  only  be  solved 
with  the  cooperation  of  several  disci¬ 
plines  working  together. 

One  of  the  greatest  problems  is  to 
get  information  about  this  course  to 
prospective  students.  In  the  past  so 
much  mathematics  was  required  as  a 
prerequisite  that  a  nonengineering 
student  did  not  have  time  to  pursue 


any  interests  in  engineering.  Be¬ 
cause  of  this,  the  nonengineering  stu¬ 
dent  is  not  accustomed  to  look  for  an 
elective  course  in  the  College  of  En¬ 
gineering.  It  will  take  time  to  build 
the  course  up ;  however,  we  in  the 
College  of  Engineering  who  are  as¬ 
sociated  with  the  development  of  this 
course  feel  that  the  time  necessary  to 
do  this  will  be  well  spent. 
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ZOOLOGY 

THE  HARVEST  MOUSE  (REITHRODONTOMYS 
MECtALOTIS)  IN  ILLINOIS  AND  ITS 
TAXONOMIC  STATUS 

DONALD  F.  HOFFMEISTER  and  JOHN  E.  WARNOCK 

Museum  of  Natural  History,  University  of  Illinois,  Urbana 


It  had  long  been  suspected  that 
harvest  mice  of  the  species  Reith- 
rodontomys  megalotis  might  occur  in 
Illinois,  for  they  had  been  collected 
in  Wisconsin,  Minnesota,  Iowa,  and 
Missouri.  However,  it  was  not  until 
November  27,  1953,  that  we  were 
successful  in  catching  specimens  of 
R.  megalotis  in  Illinois.  On  that 
date,  two  mice  were  caught  at  Mt. 
Carroll,  Carroll  County.  Two  other 
harvest  mice  were  trapped  in  April 
1954,  one-fifth  mile  north  of  Mt. 
Carroll.  All  four  were  preserved  as 
study  skins. 

The  animals  from  Mt.  Carroll  were 
living  in  a  half -acre  orchard  grown 
up  with  brome  grass  {Br  omits  iner- 
mis),  goldenrod  (Solidago) ,  and 
blackberry  ( Rubus ).  The  herbace¬ 
ous  vegetation  was  from  4.5  to  5.5 
feet  tail,  and  the  understory  was 
sparse  in  areas  of  goldenrod,  dense 
in  areas  of  brome  grass.  Blue  grass 
{Boa  pratensis)  was  present  but  not 
thick.  One  harvest  mouse  was  taken 
among  the  old  stems  of  goldenrod 
beneath  a  cherry  tree.  The  other 
was  taken  in  a  dense  stand  of  brome 
grass  around  the  dead  stump  of  a 
boxelder.  This  small  orchard  was 
bordered  by  blue  grass  pastures  and 
garden  plots.  The  area  between  the 
trees  had  not  been  disturbed  for  five 


years.  Trapping  in  this  orchard  sub¬ 
sequent  to  November  27,  1953,  yield¬ 
ed  no  additional  harvest  mice. 

The  mice  from  one-fifth  mile  north 
of  Mt.  Carroll  were  taken  along  the 
shoulder  of  a  road  which  had  been 
deserted  and  unused  for  five  vears. 
The  two  mice  were  taken  on  two  dif¬ 
ferent  nights  in  the  same  trap  placed 
beneath  a  small  gooseberry  {Riles 
sp.).  Around  this  bush  were  the 
dried  remains  of  six-foot  giant  rag¬ 
weeds  {Amir  o  si  a  trifida) .  Blue 
grass  was  growing  among  the  stems 
of  the  ragweed,  although  in  no  place 
was  the  blue  grass  thick. 

According  to  our  records  it  took 
574  trap  nights  to  capture  these  four 
harvest  mice.  In  addition,  the  fol¬ 
lowing  mammals  were  trapped: 
masked  shrews  {Sorex  cinereus ), 
short-tailed  shrews  {Blarina  Irevi- 
caucla ),  white-footed  mice  {Peromys- 
cus  leucopus),  and  southern  bog  lem¬ 
mings  {Synaptomys  cooperi) . 

Harvest  mice  of  the  species  Reith- 
rodontomys  megalotis  from  southern 
Wisconsin  have  been  referred  by 
Hanson  (1944)  and  others  to  R.  m. 
pectoralis  and  those  from  southeast¬ 
ern  Iowa  and  eastern  Missouri  by 
Howell  (1914:32)  to  R.  m.  dychei. 
Our  specimens  from  Carroll  County, 
Ilk,  are  geographically  intermediate 
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between  pect oralis  and  dychei.  We 
have  endeavored  to  determine  to 
which  race  the  Illinois  specimens  are 
best  referred  and  also  to  determine 
if  R.  m.  pectoralis  is  a  recognizable 
race  since  some  workers  (as  Hooper, 
1952,  p.  218)  have  questioned  its  va¬ 
lidity.  Should  R.  m.  pectoralis  not 
be  a  recognizable  subspecies,  the  ma¬ 
terial  from  Illinois  would  be  refer¬ 
able  to  R.  m.  dychei  with  type  local¬ 
ity  at  Lawrence,  Douglas  County, 
Kansas.  For  this  study  we  have  bor¬ 
rowed  specimens  from  the  University 
of  Wisconsin  (designated  as  U.W.), 
University  of  Minnesota  (U.M.), 
Iowa  State  College  (I.S.C.),  Chi¬ 
cago  Natural  History  Museum 
(C.N.H.M.),  and  the  collection  of 
Harold  C.  Hanson  (H.C.H.).  We 
thank  the  persons  in  charge  of  these 
collections  for  the  loan  of  materials. 

In  the  paragraphs  below,  compari¬ 
sons  are  made  between  specimens  of 
R.  megalotis  from  southwestern  Wis¬ 
consin,  northwestern  Illinois,  south¬ 
eastern  Minnesota,  and  easternmost 
Iowa,  which  we  here  call  “pectora¬ 
lis,”  with  specimens  from  western 
Minnesota,  Iowa,  and  northeastern 
Kansas,  which  we  here  call  dychei . 

Size:  Specimens  of  “pectoralis” 
are  similar  to  dychei  of  comparable 
age  in  external  measurements.  Speci¬ 
mens  from  the  northern  part  of  the 
range  in  Minnesota  are  no  larger 
than  those  from  southern  Iowa  or 
Kansas.  An  example  of  the  near- 
similarity  in  length  of  tail  through¬ 
out  the  range  can  be  indicated  as  fol¬ 
lows  :  in  adults  from  Illinois,  the 
average  is  62  mm. ;  Wisconsin,  64 ; 
central  Minnesota,  65 ;  eastern  Kan¬ 
sas,  64  (this  measurement  for  27 
specimens  from  Cockrum,  1952,  p. 
166).  For  skull  measurements,  the 


samples  for  study  are  not  large  since 
many  of  the  skulls,  cleaned  without 
the  aid  of  dermestid  beetles,  are 
badly  broken.  Of  those  specimens 
available,  it  seems  that  on  the  aver¬ 
age,  skulls  of  “ pectoralis ”  are  of  the 
same  size  as  those  of  dychei.  Skulls 
from  Carroll  County,  Ill.,  are  slight¬ 
ly  shorter  in  greatest  length  than  the 
average  for  most  dychei ,  but  the 
nasals  and  other  features  show  no 
important  differences.  In  summary, 
we  find  no  important  differences  in 
external  or  cranial  size  or  other  fea¬ 
tures  of  the  skull  between  “pectora¬ 
lis”  and  dychei. 

Color :  Specimens  of  ‘  ‘  pectoralis  ’  ’ 

are  described  as  characteristicallv 

«/ 

having  a  buffy  pectoral  spot.  Han¬ 
son  (1944,  p.  205)  qualifies  this  by 
indicating  that  the  spot  is  “ usually  ” 


mouse,  Reithrodontomys  megalotis  dy¬ 
chei,  in  north-central  United  States. 
Dots  indicate  localities  where  specimens 
have  been  examined;  circles  indicate 
localities  where  specimens  have  been  re¬ 
corded  but  not  examined. 
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present.  We  attempted  to  determine 
the  presence  or  absence  of  this  spot 
in  the  specimens  examined,  measured 
the  decree  of  presence  (slight,  medi¬ 
um,  or  strong),  and  plotted  this  in¬ 
formation  on  a  workmap.  Examina¬ 
tion  of  specimens  of  “ pect oralis” 
indicates  that  the  huffy  pectoral  spot 
often  is  present,  but  is  absent  in  half 
of  the  specimens  from  Illinois,  half 
of  those  from  southeastern  Minne¬ 
sota,  and  in  one  of  three  specimens 
from  eastern  Iowa.  Half  the  speci¬ 
mens  we  examined  from  Wisconsin 
have  the  pectoral  spot  so  faint  as 
hardly  to  be  discernible ;  in  the 
others  it  is  more  evident.  Hanson 
(1944,  p.  206)  found  the  spot  en¬ 
tirely  absent  in  18  percent  of  the 
specimens  he  examined  from  Wiscon¬ 
sin.  Nearly  half  of  the  specimens  of 
dychei  from  westernmost  Iowa  and 
Minnesota  display  the  pectoral  spot, 
and  in  some  it  is  as  pronounced  as 
that  in  any  specimens  of  “  pect ora¬ 
lis.”  Twelve  of  97  specimens  ex¬ 
amined  from  eastern  Kansas  (near 
the  type  locality  of  dychei )  have 
some  indication  of  the  spot.  Hooper 
(1952,  p.  218)  has  pointed  out  that 
‘  ‘  The  buffy  pectoral  spot ...  is  in¬ 
constant  in  several  races  of  megalo- 
tis.”  Our  interpretation  of  these 
facts  is  that  the  pectoral  spot  is  not 
diagnostic  of  “ p ect oralis.”  Other 
differences  in  coloration  of  the  ani¬ 
mals  seem  minor  and  variable  and  do 
not  serve  to  distinguish  a  group  of 
harvest  mice  in  the  Mississippi  River 
Valley  from  those  to  the  west. 

Specimens  examined:  Illinois: 

Carroll  Co. :  Mt.  Carroll,  2  (U.I.)  ; 

1/5  mi.  N  Mt.  Carroll,  2  (U.I.). 

Wisconsin:  Columbia  Co. :  West- 

point,  2  (C.N.H.M.) .  Sauk  Co.: 


Prairie  du  Sac,  5  (3  in  C.N.H.M.; 
2  in  H.C.H.). 

Minnesota:  Brown  Co. :  North 
Star  Twp.,  1  (U.M.)  ;  unspecified, 

1  (U.M.).  Filmore  Co.:  Forest- 
ville,  4  (U.M.).  Jackson  Co.:  4 
mi.  E  Heron  Lake,  1  (U.M.)  ;  5 
mi.  E  Heron  Lake,  1  (U.M.) 
Pipestone  Co. :  Split  Rock  State 
Park,  Ihlen,  5  mi.  N  Pipestone,  1 
(U.M.).  Rock  Co. :  Rosedell  Twp., 
4  (U.M.)  ;  Mound  Twp.,  1  (U.M.)  ; 
Mound  Springs  State  Park,  1  (U. 
M.).  Winona  Co.:  Homer,  2  (U. 
M.)  ;  Saratoga,  1  (U.M.)  ;  Dres- 
bach,  sec.  33,  T.  104  N.-R.4W,  3 
(U.M.) . 

Iowa:  Boone  Co. :  Jackson  Twp., 
sec.  31,  1  (I.S.C.).  Carroll  Co.: 
Maple  River  Twp.,  sec.  22,  2  (I.S. 
C.).  Crawford  Co. :  Denison  Twp., 
sec.  8,  2  (I.S.C.)  ;  sec.  13,  1  (I.S. 
C.).  Dubuque  Co.:  Dyersville,  1 
(I.S.C.) .  Fremont  Co.:  Ham¬ 
burg,  2  (I.S.C.).  Lyon  Co. :  Gran¬ 
ite,  2  (I.S.C.)  ;  Lyon  Twp.,  sec.  26, 

2  (I.S.C.)  ;  Riverside  Twp.,  sec.  29, 
1  (I.S.C.)  ;  sec.  33,  1  (I.S.C.). 
Manona  Co. :  Franklin  Twp.,  Blue 
Lake,  2  (I.S.C.).  Mills  Co. :  Glen- 
wood  Twp.,  sec.  13,  3  (I.S.C.). 
Montgomery  Co. :  Red  Oak,  1  (I. 
S.C.).  Scott  Co.:  14  mi.  N  Pine 
Hill  Cemetery,  Davenport,  2  (IT. 
I.).  Story  Co.:  Franklin  Twp., 
sec.  34,  Ames,  2  (I.S.C.)  ;  Ames,  2 
(I.S.C.). 

Kansas:  Douglas  Co.:  2  mi. 
WNW  Lawrence,  1  (U.I.)  ;  2  mi. 
W  Lawrence,  1  (U.I.). 

Remarks  :  Because  of  the  variabil¬ 
ity  in  the  occurrence  of  the  pectoral 
spot,  the  absence  of  distinctive  mor¬ 
phological  characters,  and  the  ab- 
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sence  of  other  color  differences,  we 
find  no  way  of  distinguishing  be¬ 
tween  specimens  of  “ pectoralis”  and 
dychei.  The  earliest  available  name 
would  be  Reithrodontomys  megalotis 


dychei  Allen.  We  prefer  to  use  that 
name  for  specimens  from  Carroll 
County,  Ill.,  and  suggest  that  it  is 
applicable  throughout  north-central 
United  States. 
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CHECK  LIST  OF  ILLINOIS  SPIDERS 

B.  J.  KASTON 

Teachers  College  of  Connecticut,  New  Britain,  Connecticut 


This  list  of  Illinois  spiders  is  based 
for  the  most  part  on  material  in  col¬ 
lections  at  the  American  Museum  of 
Natural  History  and  at  Cornell  Uni¬ 
versity.  Also  studied  were  certain 
smaller  collections  at  the  Illinois 
State  Natural  History  Survey  and 
the  Harvard  University  Museum  of 
Comparative  Zoology.  In  some  in¬ 
stances  the  records  are  based  upon 
the  private  collections  of  C.  S. 
Spooner  and  of  D.  C.  Lowrie,  and 
additional  records  were  obtained 
from  Dr.  Herbert  W.  Levi  and  the 
publications  of  Lowrie,  Holmquist, 
Weese,  Jones,  and  Rapp. 

The  list  includes  342  species  from 
25  families,  for  which  positive  Illi¬ 
nois  records  exist.  Sixty  other  spe¬ 
cies  are  known  from  at  least  two  of 
the  bordering*  states  {e.g.,  Indiana 
and  Wisconsin,  or  Indiana  and  Mis¬ 
souri,  or  Missouri  and  Wisconson, 
etc.)  indicating  that  these  species  un¬ 
doubtedly  occur  in  Illinois.  Never¬ 
theless,  they  are  omitted,  and  for 
the  same  reason  I  have  omitted  spe¬ 
cies  listed  in  Petrunkevitch ’s  (1911) 
general  “Catalog”  as  from  “all 
states,”  or  even  from  “Illinois,”  if 
uo  other  worker  had  published  a 
specific  record. 

The  earliest  descriptions  of  Illi¬ 
nois  spiders  appeared  in  the  works  of 
Keyserling  (1877  to  1886),  most  of 
whose  specimens  came  from  Peoria. 
Collections  in  the  Chicago  area  were 
made  by  A.  M.  Holmquist,  Mrs. 
Elizabeth  Moffat,  and  most  exten¬ 
sively  by  D.  C.  Lowrie;  in  the 
Charleston  area  by  C.  S.  Spooner; 
and  in  the  Champaign-Urbana  area 
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by  A.  0.  Weese,  Janet  Rapp,  Sara 
Jones,  Martha  Shackleford,  and 
Vera  Smith.  The  latter  collected 
many  specimens  in  1925-1926,  and 
much  of  the  Illinois  material  at  Cor¬ 
nell  bears  her  labels.  Besides  Ur- 
bana,  two  other  localities  appear 
very  often  on  her  labels :  one 
is  “Brownfield”  (often  given  as 
“Brownsville”  in  the  papers  of 
Bishop  and  Crosby)?  and  the  other 
is  “Salts.”  “Brownfield”  undoubt¬ 
edly  refers  to  Brownfield  Woods  in 
Champaign  County,  now  owned  by 
the  University  of  Illinois.  “Salts” 
refers  to  a  former  interurban  line 
station  in  Vermilion  County,  be¬ 
tween  Danville  and  Urbana. 

I  wish  to  express  my  thanks  to  Dr. 
Leo  R.  Telion  for  his  help  in  unravel¬ 
ing  some  of  the  “localities”  prob¬ 
lems,  as  well  as  for  much  helpful  ad¬ 
vice  during  the  preparation  of  this 
paper.  For  access  to  the  collections 
in  their  care,  thanks  are  due  Dr. 
W.  J.  Gertsch,  of  the  American  Mu¬ 
seum  of  Natural  History,  Miss  E.  B. 
Bryant,  of  the  Museum  of  Compara¬ 
tive  Zoology  at  Harvard,  Dr.  Henry 
Dietrich,  of  Cornell  University,  and 
Dr.  IT.  H.  Ross,  of  the  Illinois  State 
Natural  History  Survey. 

Order  ARANEAE  (Spiders) 
Suborder  Ortho  gnat  ha 

Family  Ctenizidae  (Trap-door 
spiders) 

Unimidia  tuobita  (Chamberlin).  Salem 
(the  Type  locality,  Chamberlin  1917). 

Family  Atypidae  (Purse-web 
spiders) 

Atypus  milberti  ( Walckenaer) .  River¬ 
side,  Moline,  Princeton,  Urbana, 
Quincy. 
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Suborder  Labidognatha 

Family  Dysderidae 

Dysdera  crocata  C.  L.  Koch.  Pembroke. 

Family  Pholcidae  (Cellar  spiders) 

Pholcus  phalangioides  (Fuesslin).  Chi¬ 
cago,  LaPrairie. 

Family  Theridiidae  (Comb-footed 
spiders) 

Subfamily  Asageninae 

Asagena  americana  Emerton.  New 
Lenox. 

Crustulina  altera  Gertsch  &  Archer.  New 
Lenox,  Gillespie,  Chatauqua,  Alto 
Pass. 

Crustulina  sticta  (O.P.  Cambridge). 
Butler  (Montgomery  Co.). 

Ctenium  eremophilus  (Chamberlin). 
Chicago,  Salts. 

Ctenium  laticeps  (Keyserling) .  Peoria. 

Ctenium  riparius  (Keyserling).  Volo. 

Enoplognatha  marmorata  (Hentz).  Volo, 
Chicago,  Palos  Park,  New  Lenox,  Pem¬ 
broke. 

Enoplognatha  rugosa  Emerton.  Gillespie. 

Lithyphantes  albomaculatus  (DeGeer). 
Waukegan,  Pembroke. 

Steatoda  borealis  (Hentz).  Waukegan, 
Volo,  Chicago,  Sag  Bridge,  Palos  Park, 
New  Lenox,  Pembroke. 

Teutana  triangulosa  ( Walckenaer ) .  Chi¬ 
cago. 

Subfamily  Conopisthinae 

Spintliarus  flavidus  Hentz.  Carbondale. 

Subfamily  Latrodectinae 

Dipoena  nigra  Emerton.  Rockford,  Ur¬ 
ban  a. 

Latrodectus  mactans  (Fabricius).  (Black 
widow  spider).  Many  localities  from 
Palos  Park  in  the  north  to  Carbondale 
in  the  south. 

Subfamily  Theridiinae 

Euryopis  argentea  Emerton.  Litchfield. 

Euryopis  gertschi  Levi.  White  Heath. 

Euryopis  limbata  (Walckenaer).  Wau¬ 
kegan,  Urbana,  Bedford  (Pike  Co.). 

Hentziectypus  globosus  (Hentz).  Peoria, 
Gillespie,  Butler. 

Theridion  differens  Emerton.  Waukegan, 
Volo,  Palos  Park,  Pembroke. 

Theridion  frondeum  Hentz.  Riverside, 
Wetaug. 

Theridion  murarium  Emerton.  Wauke¬ 
gan,  Pembroke,  Peoria,  Wetaug. 

Theridion  pennsylvanicum  Emerton. 

Bi  ownfield. 

Theridion  pnnetosparsum  Emerton. 

Brownfield. 


Theridion  rupicola  Emerton.  Rockford. 
Theridion  spirale  Emerton.  Volo. 
Theridion  tepidariorum  C.  L.  Koch. 
(House  spider).  Many  localities  from 
Waukegan  in  the  north  to  Belleville. 
Theridion  unimaculatum  Emerton.  Volo. 
Theridion  zelotypum  Emerton.  Volo. 
Theridula  opulenta  (Walckenaer).  Jones¬ 
boro. 

Family  Nesticidae 

Nesticus  pallidus  Emerton.  Kickapoo 
State  Park  (Vermilion  Co.),  Piatt 
County,  Shawnee  National  Forest. 

Family  Linyphiidae 

Bathyphantes  alboventris  (Banks).  Ur¬ 
bana,  Salts. 

Bathyphantes  concolor  (Wider).  New 
Lenox. 

Bathyphantes  pallida  (Banks).  Wau¬ 
kegan,  Pembroke,  New  Lenox. 
Centromerus  cornupalpis  (O.  P.  Cam¬ 
bridge).  Chicago,  Mahomet,  Urbana, 
Salts. 

Centromerus  latidens  (Emerton).  Eddy- 
ville. 

Florinda  coccinea  (Hentz).  Pembroke. 
Frontinella  pyramitela  (Walckenaer). 

Pembroke,  Uibana,  Charleston. 
Lepthypliantes  nebulosus  (Sundevall). 
Chicago. 

Linyphia  maculata  Emerton.  Evanston. 
Linypliia  pusilla  Sundevall.  Volo. 
Linyphia  waldea  Chamberlin  &  Ivie. 
Volo,  Starved  Rock  State  Park  (La¬ 
Salle  Co.),  Peoria. 

Meioneta  evadens  (Chamberlin).  Urbana. 
Meioneta  micaria  (Emerton).  Urbana, 
Salts. 

Meioneta  unimaculatus  (Banks).  Cham¬ 
paign. 

Microneta  viaria  (O.P.  Cambridge).  Ur¬ 
bana. 

Pityohyphantes  costata  (Hentz).  Chi¬ 
cago,  Starved  Rock  State  Park  (La¬ 
Salle  Co.),  Peoria,  Urbana. 
Prolinypliia  marginata  (C.  L.  Koch). 

Pembroke,  Urbana,  Effingham. 
Stemonyphantes  blauveltae  Gertsch. 
Chicago,  Bondville. 

Tennesseellum  formicum  (Emerton). 
Pembroke,  Mahomet,  Urbana,  Salts. 

Family  Micryphantidae  (Dwarf 
spiders) 

Ceraticelus  atriceps  (O.  P.  Cambridge). 
Chicago. 

Ceraticelus  bulbosus  (Emerton).  Volo. 
Ceraticelus  emertoni  (O.P.  Cambridge). 
Waukegan,  Palos  Park,  Pembroke,  Ur¬ 
bana,  Salts. 
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Ceraticelus  fissiceps  (0.  P.  Cambridge), 
White  Pines  Forest  State  Park  (Ogle 
Co.),  Pembroke,  Scott  Air  Force  Base 
(St.  Clair  Co.),  Eddyville. 

Ceraticelus  laetabilis  (O.  P.  Cambridge). 
Urbana,  Gillespie,  Pierre  Marquette 
State  Park  (Jersey  Co.),  Fosterburg, 
Alto  Pass. 

Ceraticelus  limnologicus  Crosby  & 
Bishop.  Pembroke. 

Ceraticelus  similis  (Banks).  Waukegan, 
Chicago,  Pembroke. 

Ceratinella  brunnea  Emerton.  Urbana. 
Ceratinops  rugosa  Emerton.  Urbana. 
Ceratinopsis  anglicana  (Hentz).  Pem¬ 
broke. 

Ceratinopsis  sutoris  Crosby  &  Bishop. 
Champaign. 

Ceratinopsis  Xanthippe  (Keyserling) . 
Peoria  (the  Type  locality,  Keyserling 
1886). 

Ceratinopsis  yola  Chamberlin  &  Ivie. 
Marshall  (the  type  locality,  C.  &  I. 
1939). 

Collinsia  plumosa  (Emerton).  Salts. 
Cornicularia  brevicornis  Emerton.  Salts. 
Cornicularia  communis  Emerton.  Brown¬ 
field. 

Cornicularia  directa  (0.  P.  Cambridge). 
New  Lenox,  Salts. 

Cornicularia  indirecta  (O.P.  Cambridge). 
Volo. 

Eperigone  contorta  (Emerton).  Pem¬ 
broke. 

Eperigone  maculata  (Banks).  Mahomet, 
Urbana,  Brownfield. 

Eperigone  tridentata  (Emerton).  Ur¬ 
bana,  Salts. 

Eperigone  trilobata  (Emerton).  Urbana, 
Salts. 

Eridantes  erigonoides  (Emerton).  Chi¬ 
cago,  New  Lenox,  Urbana,  Salts,  St. 
Joseph. 

Erigone  atra  Blackwall.  Waukegan, 
Pembroke. 

Erigone  autumnalis  Emerton.  Pembroke, 
Salts,  Champaign. 

Erigone  blaesa  Crosby  &  Bishop.  Urbana. 
Erigone  dentigera  O.  P.  Cambridge. 

Evanston,  Pembroke. 

Floricomus  plumalis  (Crosby).  Salts. 
Hypselistes  florens  (O.P.  Cambridge). 
Pembroke. 

Islandiana  flaveola  (Banks).  Salts,  Aug- 
erville  (Champaign  Co.). 

Islandiana  longisetosa  (Emerton).  Ma¬ 
homet,  Urbana,  Salts. 

Minyriolus  arenarius  (Emerton).  Wau¬ 
kegan,  Volo,  Pembroke. 

Origanates  rostratus  (Emerton).  Ur¬ 
bana,  White  Heath. 

Scotoussa  bidentatus  (Emerton).  Wau¬ 
kegan. 


Scylaceus  pallas  Chamberlin.  “Pallas 
Park”  |sic]  (meant  for  Palos  Park) 
(the  type  locality,  Chamberlin  1948). 

Scylaceus  pallidus  (Emerton).  Urbana, 
Salts,  Brownfield,  Augerville  (Cham¬ 
paign  Co.). 

Souessoula  parva  (Banks).  Salts. 

Tmeticus  ornatus  (Emerton).  Chicago, 
Irondale. 

Walckenaera  vigilax  (Blackwall).  Salts. 

Family  Araneidae  (Typical 
orb-weavers) 

Subfamily  Araneinae 

Acacesia  hamata  (Hentz).  Charleston. 

Acanthepeira  stellata  (Walckenaer ) . 
Many  localities  from  Waukegan  in  the 
north  to  Wetaug  in  the  south. 

Araneus  cornutus  Clerck.  Many  local¬ 
ities  in  the  Chicago  area  and  as  far 
south  as  Charleston. 

Araneus  patagiatus  Clerck.  Pistakee, 
Starved  Rock  State  Park  (LaSalle 
Co.)  Pembroke,  Charleston. 

Araneus  marmoreus  Clerck.  (Marbled 
spider).  Many  localities  in  tlie  Chi¬ 
cago  area  and  as  far  south  as  Charles¬ 
ton. 

Araneus  sericatus  Clerck.  Many  locali¬ 
ties  in  the  Chicago  area;  also  west  to 
Meredosia,  and  south  to  Fox  Ridge 
State  Park  (Coles  Co.). 

Araneus  solitarius  (Emerton).  Lisle, 
Tremont. 

Araneus  trifolium  (Hentz).  (Shamrock 
spider).  Many  localities  in  the  Chi¬ 
cago  area  from  Pistakee  in  the  north 
to  Pembroke  in  the  south. 

Araniella  displicata  (Hentz).  Many 
localities  in  the  Chicago  area. 

Cercidia  prominens  (Westring).  Volo. 

Conepeira  juniperi  (Emerton).  Chicago. 

Conepeira  miniata  (Walckenaer).  “Illi¬ 
nois”  (the  type  locality  of  Keyserling’s 
11879]  punctillata,  which  is  a  syno¬ 
nym). 

Cyclosa  conica  (Pallas).  Elgin,  Wheaton. 

Cyclosa  turbinata  (Walckenaer).  Elgin, 
Wheaton,  St.  Charles. 

Eustala  anastera  (Walckenaer).  From 
Pistakee  in  the  north  to  Urbana,  with 
many  localities  in  the  Chicago  area. 

Larinia  borealis  Banks.  Thornton, 
Starved  Rock  State  Park  (LaSalle 
Co.),  Pembroke,  Tremont. 

Mangora  gibberosa  (Hentz).  Volo,  Pem¬ 
broke,  Urbana,  Belleville. 

Mangora  ornata  (Walckenaer).  Palos 
Park,  Pembroke,  Urbana,  Wetaug. 

Mangora  placida  (Hentz).  Rockford, 
Kickapoo  State  Park  (Vermilion  Co.), 
Carlinville,  Jonesboro. 
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Mastophora  hutcliinsoni  Gertscli.  Zeigler. 

Metepeira  labyrinthea  (Hentz).  Whea¬ 
ton,  Pembroke,  Brownfield,  Wetaug. 

Neoscona  arabesca  ( Walckenaer ) .  Many 
localities  from  Pistakee  in  the  north 
to  Wetaug  in  the  south. 

Neoscona  sacra  (Walckenaer).  Many 
localities  from  Volo  in  the  north  to 
Wetaug  in  the  south. 

Neoscona  pratensis  (Hentz).  Waukegan, 
Elgin,  Longwood.  Pembroke. 

Neosconella  pegnia  (Walckenaer).  Volo, 
Wheaton,  Joliet. 

Neosconella  thaddeus  (Hentz).  Wheaton, 
Glen  Ellyn,  Palos  Park,  New  Lenox, 
Pembroke,  Urbana. 

Singa  nigripes  Keyserling.  Volo. 

Singa  pratensis  Emerton.  Pembroke. 

Singa  variabilis  Emerton.  Volo,  Palos 
Park,  Pembroke,  Effingham. 

Verrucosa  arenata  (Walckenaer). 
Charleston,  Marshall,  Effingham,  We¬ 
taug. 

Wixia  anaglypha  (Walckenaer).  Urbana. 

Subfamily  Argiopinae 

Argiope  aurantia  Lucas  (Orange  garden 
spider).  Many  localities  from  Wauke¬ 
gan  in  the  north  to  Effingham  in  the 
south,  especially  in  the  Chicago  area. 

Argiope  trifasciata  (Forskal).  (Banded 
garden  spider).  Many  localities  from 
Pistakee  in  the  north  to  Champaign, 
especially  in  the  Chicago  area. 

Gea  ergaster  (Walckenaer).  Palos  Park. 

Subfamily  Gasteracanthinae 
(Spiny-bellied  orb-weavers) 

Micrathena  gracilis  (Walckenaer).  Many 
localities  from  LaSalle  County  in  the 
north  to  Wetaug  in  the  south. 

Micrathena  mitrata  (Hentz).  Charles¬ 
ton,  Marshall,  Effingham. 

Micrathena  sagittata  (Walckenaer). 
Wilson,  Volo,  Charleston. 

Subfamily  Metinae  (Cave  orb- 
weavers) 

Meta  menardi  (Latreille).  Sulfur 
Springs  Cave  (Saline  Co.). 

Family  Theridiosomatidae 

Theridiosoma  radiosa  (McCook).  Whea¬ 
ton,  Peoria,  Dudley. 

Family  Tetragnathidae  (Long- 
jawed  orb-weavers) 

Leucauge  venusta  (Walckenaer).  Graf¬ 
ton,  Old  Ripley. 

Mimognatlia  foxi  (McCook).  Grafton, 
Old  Ripley. 

Pacliygnatha  tristriata  C.  L.  Koch.  Volo. 


Pachygnatha  xanthostoma  C.  L.  Koch. 
Volo. 

Tetragnatha  caudata  Emerton.  Wauke¬ 
gan,  Volo,  Palos  Park,  Pembroke. 

Tetragnatha  elongata  Walckenaer.  Many 
localities  from  Pistakee  in  the  north  to 
Belleville  in  the  south,  especially  in 
the  Chicago  area. 

Tetragnatha  laboriosa  Hentz.  Many 
localities  from  Waukegan  in  the  north 
to  Belleville  in  the  south. 

Tetragnatha  pallescens  F.  Cambridge. 
Waukegan,  Pembroke,  Tremont. 

Tetragnatha  straminea  Emerton.  Many 
localities  from  Pistakee  in  the  north 
to  Belleville  in  the  south. 

Tetragnatha  versicolor  Walckenaer. 
Waukegan,  Wheaton,  Yorkville,  Pem¬ 
broke,  Urbana,  Belleville,  Wetaug. 

Family  Mimetidae 

Mimetus  notius  Chamberlin.  Waukegan, 
Volo,  Pembroke,  Urbana. 

Family  Agelenidae  (Funnel -web 
weavers) 

Agelenopsis  naevia  (Walckenaer).  Volo, 
Chicago,  Palos  Park,  Urbana. 

Agelenopsis  pennsylvanica  (C.  L.  Koch). 
Many  localities  from  Waukegan  in  the 
north  to  Marshall. 

Agelenopsis  potteri  (Blackwall).  Wau¬ 
kegan,  Pembroke. 

Agelenopsis  utahana  (Chamberlin  & 
Ivie).  Chicago,  Glencoe. 

Cicurina  brevis  (Emerton).  Volo,  Chi¬ 
cago,  Sag  Bridge. 

Cicurina  ludoviciana  Simon.  Urbana. 

Cicurina  pallida  Keyserling.  Chicago. 

Cicurina  placida  Banks.  Chicago,  Sag- 
Bridge. 

Cicurina  robusta  Simon.  Many  localities 
from  Chicago  in  the  north  to  Mound 
City  in  the  south. 

Coras  juvenilis  (Keyserling).  Cook 
County  (Chamberlin  1925). 

Coras  lamellosus  (Keyserling).  Sag- 
Bridge,  Palos  Park,  Mahomet. 

Coras  medicinalis  (Hentz).  Chicago. 

Tegenaria  domestica  (Clerck).  Chicago. 

Wadotes  calcaratus  (Keyserling).  Chi¬ 
cago,  Brownfield. 

Family  Hahniidae 

Halinia  cinerea  Emerton.  Sag  Bridge, 
Urbana. 

Neoantistea  agilis  (Keyserling).  Wau¬ 
kegan,  Chicago,  Pembroke,  New  Lenox, 
Urbana. 

Neoantistea  riparia  (Keyserling).  Ur¬ 
bana. 
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Family  Pisauridae  (Nursery-web 
weavers) 

Subfamily  Pisaurinae 

Pisaurina  brevipes  (Emerton).  Wauke¬ 
gan,  Volo,  Palos  Park,  Pembroke. 

Pisaurina  mira  ( Walckenaer) .  Many 
localities  from  Pistakee  in  the  north 
to  Effingham  in  the  south. 

Subfamily  Thaumasiinae 

Dolomedes  fulviatronotatus  Bishop.  Pis¬ 
takee  (the  type  locality,  Bishop  1924), 
Volo. 

Dolomedes  scapularis  Koch.  Many  locali¬ 
ties  from  Waukegan  in  the  north  to 
Wetaug  in  the  south. 

Dolomedes  scriptus  Hentz.  Palos  Park, 
Pembroke,  New  Lenox. 

Dolomedes  striatus  Giebel.  “Illinois” 
(the  type  locality,  Giebel  1869),  Pem¬ 
broke. 

Dolomedes  tenebrosus  Hentz.  Palos 
Park,  Pembroke,  Urbana,  Champaign, 
Charleston. 

Dolomedes  urinator  Hentz.  Olney. 

Dolomedes  vittatus  Hentz.  Olney. 

Family  Lycosidae  (Wolf  spiders) 

Subfamily  Lycosinae 

Arctosa  emertoni  Gertsch.  Waukegan. 

Arctosa  funerea  (Hentz).  Urbana. 

Arctosa  littoralis  (Hentz).  Waukegan, 
Pembroke,  Gillespie. 

Geolycosa  missouriensis  (Banks).  Many 
localities  from  Waukegan  to  Havana. 

Geolycosa  wrightii  (Emerton).  Many 
localities  from  Waukegan  to  Havana. 

Lycosa  aspersa  Hentz.  Charleston. 

Lycosa  avara  (Keyserling).  Volo,  Chi¬ 
cago,  Palos  Park,  Sag  Bridge,  Pem¬ 
broke. 

Lycosa  avida  Walckenaer.  Waukegan, 
Palos  Park,  Sag  Bridge,  Pembroke, 
Mahomet,  Urbana. 

Lycosa  baltimoreana  (Keyserling).  Wau¬ 
kegan,  Pembroke. 

Lycosa  carolinensis  Walckenaer.  Pem¬ 
broke,  Charleston. 

Lycosa  frondicola  Emerton.  Sag  Bridge, 
New  Lenox,  Pembroke,  Urbana, 
Charleston. 

Lycosa  gulosa  Walckenaer.  Palos  Park, 
Sag  Bridge,  Urbana. 

Lycosa  helluo  Walckenaer.  Waukegan, 
Volo,  Palos  Park,  Sag  Bridge,  Pem¬ 
broke,  Charleston,  Wetaug. 

Lycosa  punctulata  Hentz.  Palos  Park, 
New  Lenox,  Pembroke. 

Lycosa  rabida  Walckenaer.  Palos  Park, 
Sag  Bridge,  New  Lenox,  Pembroke, 
Effingham. 

Pirata  arenicola  Emerton.  Chicago. 


Pirata  gigantea  Gertsch.  Chicago  (the 
type  locality). 

Pirata  insularis  Emerton.  Waukegan, 
Volo,  Sag  Bridge,  Pembroke,  Martins¬ 
ville. 

Pirata  marxi  Stone.  Volo. 

Pirata  minutus  Emerton.  Volo. 

Pirata  montanus  Emerton.  Waukegan, 
Chicago,  Pembroke. 

Pirata  piratica  (Clerck).  Waukegan, 
Volo,  Sag  Bridge,  New  Lenox,  Pem¬ 
broke. 

Pirata  vinnula  Gertsch.  Chicago  (the 
type  locality). 

Schizocosa  bilineata  (Emerton).  Wau¬ 
kegan,  New  Lenox,  Pembroke. 

Schizocosa  crassipes  (Walckenaer).  Pa¬ 
los  Park,  Sag  Bridge,  New  Lenox, 
Pembroke,  Peoria,  Urbana,  Effingham. 

Schizocosa  retrorsa  (Banks).  Wauke¬ 
gan. 

Schizocosa  saltatrix  (Hentz).  Sag  Bridge, 
Pembroke,  Urbana.  - 

Trochosa  expulsa  (Gertsch  &  Mulaik). 
Pembroke. 

Trochosa  pratensis  (Emerton).  Volo, 
Chicago,  Palos  Park,  New  Lenox,  Pem¬ 
broke. 

Subfamily  Pardosinae 

Pardosa  distincta  (Blackwall).  Palos 
Park. 

Pardosa  milvina  (Hentz).  Waukegan, 
Palos  Park,  Sag  Bridge,  New  Lenox, 
Pembroke,  Peoria,  Brownfield,  Charles¬ 
ton. 

Pardosa  modica  (Blackwall).  Wauke¬ 
gan,  Volo,  Palos  Park,  New  Lenox, 
Pembroke. 

Pardosa  moesta  Banks.  Waukegan,  Pem¬ 
broke. 

Pardosa  saxatilis  (Hentz).  Waukegan, 
Pembroke,  Peoria. 

Pardosa  xerampelina  (Keyserling). Volo, 
Palos  Park,  New  Lenox,  Peoria  (the 
type  locality,  Keyserling  1877). 

Family  Oxyopidae 

Oxyopes  salticus  Hentz.  Waukegan, 
Palos  Park,  Pembroke,  Charleston, 
Toledo. 

Family  Gnaphosidae 

Subfamily  Gnaphosinae 

Callilepis  imbecilla  (Keyserling).  Pem¬ 
broke. 

Gnaphosa  sericata  (L.  Koch).  Pem¬ 
broke. 

Subfamily  Drassodinae 

Cesonia  bilineata  (Hentz).  Waukegan, 
Pembroke. 
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Drassodes  neglectus  (Keyserling).  Wau¬ 
kegan,  Pembroke. 

Drassodes  robinsoni  Chamberlin.  Wau¬ 
kegan,  Pembroke. 

Drassyllus  aprilinus  (Banks).  Gillespie. 

Drassyllus  depressus  (Emerton).  Volo, 
Sag  Bridge,  Pembroke. 

Drassyllus  eremitus  Chamberlin.  Volo, 
Chicago,  Pierre  Marquette  State  Park 
(Jersey  Co.). 

Drassyllus  rusticus  (L.  Koch).  Chicago. 

Drassyllus  virginianus  Chamberlin. 
Bondville. 

Haplodrassus  magister  Chamberlin.  Chi¬ 
cago. 

Haplodrassus  mimus  Chamberlin.  Chi¬ 
cago. 

Haplodrassus  signifer  (C.  L.  Koch). 
Pembroke. 

Herpyllus  vasifer  ( Walckenaer ) .  Wau¬ 
kegan,  Chicago,  Sag  Bridge,  New 
Lenox,  Pembroke. 

Sergiolus  variegatus  (Hentz).  Chicago. 

Sosticus  insularis  (Banks).  Chicago. 

Sostogeus  zygethus  Chamberlin  &  Ger- 
tsch.  Chicago  (the  type  locality). 

Zelotes  hentzi  Barrows.  Gillespie. 

Zelotes  subterraneus  (C.  L.  Koch).  Wau¬ 
kegan,  Volo,  Palos  Park,  New  Lenox, 
Pembroke. 

Family  Clubionidae 

Subfamily  Clubioninae 

Cliiracanthium  inclusum  (Hentz).  Pem¬ 
broke. 

Clubiona  abbotii  L.  Koch.  Rockford, 
Momence,  New  Lenox,  Champaign. 

Clubiona  johnsoni  Gertsch.  Chicago  (the 
type  locality). 

Clubiona  obesa  Hentz.  Waukegan,  Pa¬ 
los  Park,  Pembroke. 

Clubiona  pallens  Hentz.  Chicago,  Palos 
Park,  Pembroke,  Champaign. 

Clubiona  riparia  L.  Koch.  Waukegan, 
Pembroke,  Urbana. 

Clubiona  saltitans  Emerton.  Pembroke. 

Clubiona  tibialis  Emerton.  Volo. 

Subfamily  Corinninae 

Meriola  decepta  Banks.  New  Lenox. 

Trachelas  ruber  Keyserling.  Palos  Park. 

Subfamily  Liocraninae 

Phrurotimpus  alarius  (Hentz).  Wauke¬ 
gan,  Pembroke,  Urbana,  Brownfield, 
Salts. 

Phrurotimpus  borealis  (Emerton).  Pem¬ 
broke,  Mahomet. 

Phrurotimpus  minutus  (Banks).  Chi¬ 
cago. 

Scotinella  delicatulus  (Gertsch).  Urbana. 

Scotinella  emertoni  (Gertsch).  Pierre 
Marquette  State  Park  (Jersey  Co.). 


Scotinella  formica  (Banks).  Pembroke, 
Urbana. 

Scotinella  goodnigliti  (Muma).  Piatt 
Co.,  Gillespie  (the  type  locality). 

Scotinella  pugnatus  (Emerton).  Urbana. 

Scotinella  redemptus  (Gertsch).  Chi¬ 
cago,  Mahomet. 

Subfamily  Micariinae 

Castianeira  cingulata  (C.  L.  Koch).  Ur¬ 
bana. 

Castianeira  descripta  (Hentz).  Wauke¬ 
gan,  Palos  Park,  Pembroke. 

Castianeira  longipalpus  (Hentz).  New 
Lenox,  Pembroke,  Urbana. 

Castianeira  trilineata  (Hentz).  Palos 
Park,  Sag  Bridge,  Pembroke. 

Micaria  aurata  (Hentz).  Waukegan, 
Chicago  Heights,  Urbana. 

Micaria  longipes  Emerton.  Mt.  Olive. 

Micaria  pulicaria  (Sundevall).  New 
Lenox,  Pembroke. 

Family  Anyphaenidae 

Anyphaena  pectorosa  L.  Koch.  Urbana, 
Brownfield. 

Aysha  gracilis  (Hentz).  Palos  Park, 
Pembroke,  Urbana,  Fox  Ridge  State 
Park  (Coles  Co.),  Mason. 

Wulfila  saltabunda  (Hentz).  Gillespie. 

Family  Thomisidae  (Crab  spiders) 

Subfamily  Misumeninae 

Coriarachne  lenta  (Walckenaer).  Chi¬ 
cago,  Palos  Park,  Pembroke,  Peoria, 
Urbana. 

Misumena  vatia  (Clerck).  Urbana,  Wolf 
Lake. 

Misumenoides  formosipes  (Walckenaer). 
Many  localities  from  Waukegan  in  the 
north  to  Wetaug  in  the  south. 

Misumenops  asperatus  (Hentz).  Wau¬ 
kegan,  Pembroke,  Peoria,  Urbana, 
Charleston,  Effingham. 

Misumenops  delphinus  (Walckenaer). 
Waukegan,  Pembroke. 

Misumenops  oblongus  (Keyserling). 
Waukegan,  Palos  Park,  New  Lenox, 
Pembroke,  Peoria  (the  type  locality, 
Keyserling  1880),  Urbana,  Salts. 

Oxyptila  americana  Banks.  Volo,  Ur¬ 
bana. 

Oxyptila  conspurcata  Thorell.  Riverside, 
Peoria  (Keyserling  1880). 

Oxyptila  monroensis  Keyserling.  Chi¬ 
cago. 

Tmarus  angulatus  (Walckenaer).  Sag 
Bridge,  Urbana. 

Xysticus  lemniscatus  (Walckenaer). 
Charleston,  Farmersville,  Centralia. 

Xysticus  banksi  Bryant.  Waukegan, 
Pembroke. 
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Xysticus  bicuspis  Keyserling.  Urbana. 

Xysticus  discursans  Keyserling.  Chi¬ 
cago. 

Xysticus  elegans  Keyserling.  Palos  Park, 
Sag  Bridge,  Pembroke,  Peoria  (Key¬ 
serling  1880),  Urbana. 

Xysticus  emertoni  Keyserling.  Peoria 
(Keyserling  1880). 

Xysticus  transversatus  ( Walckenaer ) . 
Palos  Park,  Sag  Bridge,  New  Lenox, 
Pembroke,  Peoria  (Keyserling  1880), 
Champaign,  Effingham. 

Xysticus  fraternus  Banks.  Waukegan, 
Pembroke,  Urbana. 

Xysticus  tumefactus  (Walckenaer).  Pa¬ 
los  Park,  New  Lenox,  Pembroke,  Ur¬ 
bana. 

Xysticus  gulosus  Keyserling.  Many 
localities  from  Waukegan  in  the  north 
to  Nashville  in  the  south. 

Xysticus  luctans  (C.  L.  Koch).  Wauke¬ 
gan,  Pembroke,  Peoria  (Keyserling 
1880). 

Xysticus  triguttatus  Keyserling.  Wau¬ 
kegan,  Sag  Bridge,  Pembroke,  Urbana, 
Champaign. 

Subfamily  Phtlodrominae 

Ebo  latithorax  Keyserling.  Pembroke. 

Ebo  pepinensis  Gertsch.  Waukegan, 

Pembroke. 

Philodromus  alascensis  Keyserling.  Wau¬ 
kegan,  Pembroke. 

Philodromus  aureolus  (Clerck).  Wau¬ 
kegan,  Pembroke,  Peoria  (Keyserling 
1880). 

Philodromus  imbecillus  Keyserling. 

Pembroke,  Urbana. 

Philodromus  marxii  Keyserling.  Palos 
Paik,  Urbana,  Brownfield. 

Philodromus  pernix  Blackwall.  Wauke¬ 
gan,  Chicago,  Palos  Park,  Pembroke, 
Charleston. 

Philodromus  rufus  Walckenaer.  Peoria 
(Keyserling  1880),  Urbana. 

Thanatus  formicinus  (Clerck).  Pem¬ 
broke. 

Tibellus  americanus  Gertsch.  Urbana, 
Salts. 

Tibellus  duttoni  (Hentz).  Pembroke, 
Oakwood. 

Tibellus  maritinrus  (Menge).  Wauke¬ 
gan,  Pembroke. 

Tibellus  oblongus  (Walckenaer).  Wau¬ 
kegan,  Volo,  Pembroke,  Champaign. 

Family  Salticidae  (Jumping 
spiders) 

Admestina  tibialis  (C.  L.  Koch).  Pem¬ 
broke. 

Agassa  cyanea  (Hentz).  Salts. 

Evarcha  hoyi  (Peckham).  New  Lenox. 


Gertschia  noxiosa  (Hentz).  Waukegan, 
Pembroke. 

Habrocestum  parvulum  (Banks).  Ur¬ 
bana,  Brownfield. 

Habrocestum  pulex  (Hentz).  Volo,  Sag 
Bridge,  Pembroke,  Urbana,  Brownfield. 

Habronattus  agilis  (Banks).  Waukegan, 
Pembroke. 

Habronattus  arizonensis  (Banks).  Pem¬ 
broke. 

Habronattus  borealis  (Banks).  Wauke¬ 
gan,  Pembroke. 

Habronattus  calcaratus  (Banks).  Pem¬ 
broke. 

Habronattus  viridipes  (Hentz).  Wauke¬ 
gan,  Pembroke. 

Hasarius  adonsonii  (Audouin).  River¬ 
side,  Orland  Park.  Pembroke. 

Hentzia  mitrata  (Hentz).  Pembroke, 
Charleston. 

Hentzia  ambigua  (Walckenaer).  Palos 
Park,  Urbana,  Wetaug. 

Hyctia  bina  (Hentz).  Volo,  Urbana. 

Hyctia  grata  Gertsch.  Volo. 

Hyctia  pikei  Peckham.  Waukegan. 

Icius  formicarius  Emerton.  Chicago. 

Icius  hartii  Emerton.  Waukegan,  Pem¬ 
broke,  Salts. 

Maevia  inclemens  (Walckenaer).  Wau¬ 
kegan,  Palos  Park,  Sag  Bridge,  New 
Lenox,  Pembroke,  Urbana. 

Marpissa  undata  (DeGeer).  “Northern 
Illinois’’  (Emerton  1875),  Urbana, 
Charleston,  Fox  Ridge  State  Park 
(Coles  Co.). 

Metaphidippus  canadensis  (Banks)  .Volo, 
Urbana. 

Metaphidippus  fiavipedes  (Peckham). 
Volo,  Urbana. 

Metaphidippus  galathea  (Walckenaer). 
Peoria,  Urbana,  Salts,  Olive  Branch. 

Metaphidippus  insignis  (Banks).  Ur¬ 
bana. 

Metaphidippus  protervus  (Walckenaer). 
Urbana,  Brownfield. 

Neon  nellii  Peckham.  Volo,  New  Lenox, 
Champaign,  Salts. 

Onondaga  lineata  (C.  L.  Koch).  New 
Lenox,  Uibana. 

Paraphidippus  aurantius  (Lucas).  Ur¬ 
bana,  Bedford,  Gillespie,  Staunton. 

Paraphidippus  flavus  (Peckham).  Wau¬ 
kegan  (Lowrie  1948). 

Paraphidippus  marginatus  (Walck¬ 

enaer).  Waukegan,  Volo,  Pembroke, 
Piatt  Co.,  Bedford. 

Phidippus  aiulax  (Hentz).  Many  locali¬ 
ties  from  Waukegan  in  the  noith  to 
Effingham  in  the  south. 

Phidippus  rimator  (Walckenaer).  Wau¬ 
kegan,  Volo,  Palos  Park,  Sag  Bridge, 
New  Lenox,  Pembroke,  Urbana, 

Charleston. 


172 


Illinois  Academy  of  Science  Transactions 


Phidippus  fraudulentus  (Walckenaer) . 
Waukegan,  Pembroke. 

Phidippus  mccooki  (Peckham).  Wauke¬ 
gan. 

Phidippus  mystaceus  (Hentz).  Urbana. 

Phidippus  princeps  (Peckham).  Wau¬ 
kegan,  Pembroke. 

Phidippus  whitman!  Peckham.  Palos 
Park,  Pembroke,  Urbana. 

Salticus  scenicus  (Clerck).  Chicago. 

Sitticus  cursor  Barrows.  Farmington. 

Sitticus  palustris  (Peckham).  Wauke¬ 
gan,  Volo,  Pembroke. 

Synemosyna  lunata  (Walckenaer).  Belle¬ 
ville. 

Talavera  minuta  (Banks).  Salts. 

Thiodina  inornata  (Walckenaer).  Ur¬ 
bana. 

Thiodina  iniquies  (Walckenaer).  Gilles¬ 
pie. 

Tutelina  elegans  (Hentz).  Volo,  Palos 
Park,  Pembroke,  Salts. 

Tutelina  similis  (Banks).  Pembroke. 

Zygoballus  bettini  Peckham.  Pembroke, 
Urbana,  Salts. 

Zygoballus  nervosus  (Peckham).  Volo, 
Chicago,  Pembroke,  Urbana. 

Family  Dictynidae 

Dictyna  bicornis  (Emerton).  Urbana. 

Dictyna  bostoniensis  Emerton.  Wauke¬ 
gan,  Pembroke. 

Dictyna  foliacea  (Hentz).  "Waukegan, 
Palos  Park,  Sag  Bridge,  New  Lenox, 
Pembroke,  Champaign,  St.  Joseph. 

Dictyna  longispina  Emerton.  New  Lenox, 
Urbana,  St.  Joseph. 

Dictyna  manitoba  Ivie.  Volo. 

Dictyna  minuta  Emerton.  Joliet. 

Dictyna  annulipes  (Blackwall).  Palos 
Park,  Salts. 

Dictyna  sublata  (Hentz).  Mahomet, 
Urbana,  Salts. 

Dictyna  volucripes  Keyserling.  Wauke¬ 
gan,  Volo,  Pembroke. 

Family  Uloboridae 

Uloborus  americanus  Walckenaer.  Volo, 
Urbana,  Coles  County. 

Hyptiotes  cavatus  (Hentz).  Palos  Park, 
Urbana. 


Family  Amaurobiidae 

Amaurobius  bennetti  (Blackwall).  Chi¬ 
cago,  Palos  Park,  Starved  Rock  State 
Park  (LaSalle  Co.). 

Amaurobius  ferox  (Walckenaer).  Chi¬ 
cago. 

Titanoeca  americana  (Emerton).  Wau¬ 
kegan,  Pembroke. 
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STUDIES  ON  THYROID  GLANDS,  ADRENAL  GLANDS, 
AND  REPRODUCTIVE  SYSTEMS  OF  ACEPHALIC 

HAMSTER  FETUSES1’2 

CHARLES  L.  FOOTE 

Southern  Illinois  University,  Carbondale 


Extensive  literature  has  accumu¬ 
lated  dealing’  with  acrania  in  the 
human  fetus.  The  underlying  causes 
for  this  anomaly  have  been  dis¬ 
cussed  by  Warren  (1951).  There 
have  been  reports  on  the  effects  of 
fetal  hypophysectomy  in  a  number 
of  mammalian  species  since  methods 
have  been  developed  to  produce  ex¬ 
perimental  acrania.  Reviews  of 
fetal  endocrinology  have  been  given 
by  Moore  (1950)  and  Jost  (1953). 
The  purpose  of  the  present  study  is 
to  report  the  effects  of  decapitation 
and  the  resulting  hypophysectomy 
on  the  thyroid  gland,  the  adrenal 
gland,  and  the  reproductive  system 
of  the  fetal  hamster. 

Method 

A  total  of  141  fetuses  from  26 
female  hamsters  were  decapitated 
at  an  average  age  of  12  days,  15 
hours,  the  earliest  age  at  which  the 
position  of  the  fetus  could  be  readi¬ 
ly  observed  through  the  uterine 
wall.  Fetal  age  was  calculated  from 
the  time  of  observed  copulation. 
Usually  five  fetuses  of  a  litter  were 
decapitated,  one  fetus  removed  from 
the  uterus  intact  and  preserved  for 
future  study,  and  any  additional 
fetuses  were  allowed  to  continue  de- 

1  Aided  by  grants  from  the  Research  Fund,  South¬ 
ern  Illinois  University,  Carbondale,  Ill. 
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assistance  in  preparing  the  photomicrographs,  and 
to  Wesley  P.  Norman  for  preparing  graphs  and  for 
other  technical  assistance. 


velopment.  Of  the  141  fetuses  de¬ 
capitated,  22  were  recovered  alive 
at  an  average  of  51.4  hours  follow¬ 
ing  the  operation  (table  1). 

Pregnant  hamsters  were  anaesthe¬ 
tized  with  nembutal,  and  the  horn 
of  the  uterus  withdrawn  through  an 
incision  in  the  body  wall.  Using  a 
no.  7  straight  sewing  needle  and 
white  cotton  thread,  no.  50,  a  tri¬ 
angular  suture  was  made  through 
the  muscle  of  the  uterus  on  the  anti- 
mesometrial  side  over  the  head  of 
the  fetus.  The  needle  was  loosed 
from  the  thread  so  that  the  two  free 
ends  lay  together  at  the  apex  of  the 
triangular  suture,  and  one  thread 
was  looped  through  the  other.  A 
small  incision  was  made  through  the 
uterus  in  the  center  of  the  triangle 
through  which  the  head  of  the  fetus 
usually  protruded.  When  the  head 
was  completely  outside,  the  loose 
ends  of  the  thread  were  grasped 
with  forceps  and  drawn  tight,  sever¬ 
ing  the  head  in  the  neck  region,  and 
at  the  same  time  closing  the  incision 
in  the  uterine  wall.  The  horn  of  the 
uterus  was  replaced  and  the  incision 
in  the  body  wall  of  the  animal 
closed. 

Fetuses  were  fixed  in  Bonin’s  so¬ 
lution,  sectioned  serially  at  15  mi¬ 
crons,  and  stained  in  hematoxylin 
and  eosin.  Measurements  were  taken 
from  the  cross  sections  using  an 
ocular  micrometer,  and  size  and  vol¬ 
ume  of  organs  were  calculated  from 
these  measurements. 
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Table  1. — Sex  Distribution,  Length  of  Control  and  Acepiialic  Fetuses,  and  Time 

of  Acepiialic  Development 


Fetal  Age 

Controls 

Acephalics 

Time 

Days  Hours 

M 

Length 

(mm) 

crown-rump 

F 

Length 

(mm) 

crown-rump 

M 

Length 

(mm) 

neck-rump 

F 

Length 

(mm) 

neck-rump 

without 

heads 

(hours) 

11 

7 

1 

8.5 

.  . 

.... 

•  • 

.... 

•  • 

.... 

.  . 

11 

15 

1 

9.0 

.... 

13 

1 

1 

13.0 

13 

13 

1 

12.0 

•  • 

.... 

13 

17 

1 

16.0 

2 

14.0* 

.... 

48 

15 

1 

.... 

1 

20.0 

1 

14.0 

1 

13.0 

48 

15 

2 

.... 

•  • 

.... 

1 

12.0 

.... 

49 

15 

8 

1 

18.0 

.... 

1 

15.0 

.... 

48 

15 

12 

.... 

.... 

3 

15.5* 

1 

15.5 

51 

15 

13 

.... 

3 

15.0* 

1 

15.0 

42 

15 

14 

1 

19.0 

•  • 

1 

14.3 

2 

14.3* 

44 

15 

15 

2 

18.2* 

2 

18.2* 

2 

15.0* 

2 

15.0* 

75 

15 

16 

.... 

2 

17.5* 

1 

15.0 

50 

*  Average  length. 


Results 

Control  and  acepiialic  fetuses 
were  the  same  size,  excluding  the 
head  of  controls,  and  showed  an  in¬ 
crease  in  length  of  approximate^ 
80%  between  the  12th  and  16th  day 
(figs.  4,  5). 

Thyroid  Gland. — Of  the  22  aceph- 
alic  fetuses  recovered  alive,  studies 
on  thyroid  glands  of  17  are  consid¬ 
ered  here.  In  five  cases  the  gland 
had  apparently  been  removed  dur¬ 
ing  the  decapitation  process. 

The  thyroid  of  12-day-old  control 
fetuses  was  composed  of  irregular 


masses  of  closely  grouped  cells  with 
an  occasional  follicle  already  form¬ 
ed,  and  with  some  cells  in  a  circular 
pattern  as  though  forming  follicles. 
Areas  between  the  masses  of  cells 
were  filled  with  connective  tissue 
and  red  blood  cells.  The  glands  of 
older  control  fetuses  showed  con¬ 
siderable  differentiation  and  many 
follicles,  but  without  colloid  (figs.  6, 
7).  Follicles  were  round  or  oval  in 
form  and  showed  little  variation  in 
size,  and  many  interfollicular  cells 
were  present. 

In  acepiialic  fetuses  some  follicles 
were  formed,  but  these  were  rela- 
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Fig.  1. — Volumes  of  thyroid  glands  of  control  and  acephalic  fetuses  between 
ages  of  13  and  16  days. 


lively  large,  and  few  interfollicular 
cells  were  present.  The  follicles  con¬ 
tained  no  colloid  (figs.  8,  9).  The 
thyroid  glands  of  these  fetuses  were 
much  smaller  than  glands  of  con¬ 
trols  of  the  same  age.  Glands  of 


controls  showed  an  average  increase 
in  length  of  79.3%  compared  to 
glands  of  younger  controls,  whereas 
in  acephalic  fetuses  there  was  only 
a  27.6%  increase.  The  volume  of 
the  thyroid  of  the  oldest  controls 
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Age  (days- hours) 

Fig.  2. — Total  of  average  volumes  of  right  and  left  adrenal  glands  of  control  and 
acephalic  fetuses  between  ages  of  15  days,  and  15  days,  16  houis. 


was  287%  greater  than  that  of  a- 
cephalics  (fig.  1).  The  smaller  vol¬ 
ume  of  the  thyroid  of  headless  fe¬ 
tuses  seemed  to  be  due  to  a  smaller 
number  of  follicles  and  interfollicu- 
lar  cells. 

Adrenal  Gland. — At  10  days  the 
medullary  and  cortical  components 
of  the  adrenal  gland  could  not  be 
readily  identified,  but  by  11  days,  7 
hours  the  cortex  had  formed  from 
coelomic  mesothelium,  and  primitive 
medullary  cells  could  be  seen  be¬ 
tween  the  sympathetic  ganglia  and 
the  masses  of  .cells  which  form  the 
cortex  of  the  gland  (fig.  10).  The 
primitive  medullary  cells  were  ar¬ 
ranged  in  rows  adjacent  to  the  cor¬ 
tical  cells  and  at  some  points  were 
between  the  cortical  cells. 


By  13  days,  17  hours  the  fetal 
cortex  had  increased  in  thickness 
and  its  cells  could  be  readily  dis¬ 
tinguished  from  the  cells  of  the 
medulla.  The  capsule  of  the  gland, 
made  up  of  flattened  cells,  was  dis¬ 
tinct. 

In  controls  the  cortex  of  the  gland 
increased  in  thickness  up  to  15  days, 
15  hours,  but  in  the  oldest  controls 
observed,  at  15  days,  16  hours,  the 
width  of  the  cortex  appeared  to  de¬ 
crease.  In  acephalic  fetuses  a  more 
marked  decrease  in  thickness  of  the 
cortex  occurred  at  15  days,  15  hours. 
In  older  fetuses  of  both  groups 
small  groups  of  cells  with  darkly- 
stained  nuclei  were  dispersed 
throughout  the  central  portion  of 
the  gland  and  on  the  ventro-medial 
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surface  between  the  cortex  and  the 
capsule.  Zonation  of  the  cortex  was 
not  apparent  (figs.  2,  11,  12,  13). 

The  development  of  the  adrenals 
of  aeephalic  and  control  fetuses  ap¬ 
peared  to  be  similar,  but  when  total 
volumes  of  glands  of  8  controls  and 
15  aeephalic  animals,  between  15 
days  and  15  days,  16  hours  old, 
were  determined  and  treated  statis¬ 
tically  there  was  a  significant  dif¬ 
ference  in  volumes  of  glands  of  the 
two  groups  (fig.  2).  The  average 
volumes  of  right  and  left  adrenals 
together  showed  a  statistically  sig¬ 
nificant  difference  between  control 
and  aeephalic  fetuses  (Level  of  Sig¬ 
nificance,  Pt  was  0.03).  When  left 
adrenals  of  the  two  groups  were 
compared  as  to  volume,  a  Pt  value 
of  0.001  was  found,  while  a  com¬ 
parison  of  right  adrenals  gave  a  Pt 
value  of  0.2.  Thus,  the  average  vol¬ 
umes  of  left  adrenals  were  signifi¬ 
cantly  different,  while  no  significant 
difference  was  found  for  the  right 
glands.  No  significant  difference 
was  found  when  the  volumes  for 
right  and  left  gland  of  controls  were 


compared,  nor  was  there  a  difference 
between  right  and  left  glands  of  a- 
cephalic  fetuses.  Average  volumes 
of  glands  for  control  and  aeephalic 
fetuses  are  given  in  table  2. 

Reproductive  system. — Sex  dis¬ 
tribution  for  the  control  group  was 
9  males  and  6  females,  as  compared 
to  14  males  and  8  females  in  the 
aeephalic  group.  The  gonads  of  the 
fetuses  did  not  vary  appreciably  in 
size  or  degree  of  development,  but 
measurements  of  primary  germ  cells 
and  interstitial  cells  of  male  fetuses 
indicated  that  these  cells  in  aceph- 
alic  fetuses  were  smaller  in  size  and 
fewer  in  number  than  those  of  con¬ 
trols. 

Wolffian  ducts  were  present  at  11 
days,  but  lumina  of  the  ducts  were 
not  continuous,  and  junction  with 
the  urogenital  sinus  was  made  as  a 
solid  cord  of  cells.  Lumina  of  ducts 
were  continuous  with  the  urogenital 
sinus  at  15  days,  8  hours  in  control 
males.  In  female  fetuses  of  the  con¬ 
trol  group  the  Wolffian  ducts  ap¬ 
peared  as  solid  cords  of  cells  adja¬ 
cent  to  the  urogenital  sinus.  Rem- 


Table  2. — Volumes  of  Adrenal  Glands  of  Control  and  Acedhalic  Fetuses  Be¬ 
tween  Ages  of  15  Days  and  15  Days,  16  Hours 


Number  of  fetuses 

Average  volumes 
of  right  adrenals 
(cu.  mm.) 

Average  volumes 
of  left  adrenals 
(cu.  mm.) 

Total  of  average  volumes 
of  both  adrenals 
(cu.  mm.) 

Controls.  .  . 

.  8 

.0363 

.0415 

.0778 

Acephalies . 

....  15 

.0302 

.0298 

.0600 

Control 
Males.  .  . 

.  5 

.0339 

.0413 

.0752 

Aeephalic 

.0311 

Males.  .  . 

. 12 

.  0302 

.0613 

Control 
Females . . 

.  3 

.0406 

.0420 

.0826 

Aeephalic 

Females. . 

.0304 

.0247 

.0551 
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Hants  of  the  Wolffian  ducts  re¬ 
mained  in  this  area  as  late  as  15 
days,  15  hours,  but  in  no  case  were 
the  ducts  continuous  with  the  uro¬ 
genital  sinus. 

In  acephalic  male  fetuses  the 
Wolffian  ducts  were  well  developed 
by  13  days,  17  hours.  In  all  aceph¬ 
alic  males  the  Wolffian  ducts  were 
shorter  and  narrower  than  those  of 
control  males  of  comparable  ages, 
and  showed  discontinuous  lumina 
(fig.  3).  At  15  days,  1  hour,  the 
Wolffian  ducts  were  connected  to  the 
urogenital  sinus  by  continuous  lu¬ 
mina,  but  this  condition  did  not  per¬ 
sist  in  older  fetuses  of  this  group. 

In  females  of  the  acephalic  group 
the  Wolffian  duct  retrogressed  in  a 
manner  similar  to  that  in  control 
females. 


In  control  males  the  Mullerian 
ducts  were  present  as  solid  cords  of 
cells  near  the  anterior  portion  of  the 
Wolffian  ducts  at  11  days,  7  hours. 
By  11  days,  15  hours  the  Mullerian 
ducts  had  increased  in  length  witli 
lumina  throughout,  and  by  13  days 
they  were  well  developed  and  longer 
than  the  Wolffian  ducts.  By  13 
days,  13  hours  the  Mullerian  ducts 
had  started  to  retrogress,  but  were 
present  in  all  older  fetuses  in  the 
region  of  the  urogenital  sinus. 

In  acephalic  males  the  Mullerian 
ducts  were  well  developed  at  13 
days,  17  hours,  but  appeared  to  be 
quite  small  by  15  days.  Remnants 
of  the  Mullerian  ducts  were  present- 
in  all  males  up  to  15  days,  15  hours. 


Male  Fetuses 


Female  Fetuses 


E  $ 


C 


Wolffian  duct  (control) 


iiiirmTTrn  Muellerian  duct  (control) 
Wolffian  duct  (acephalic) 
Muellerian  duct  (acephalic) 
_=.02  mm. 


-E 


Age  of  fetuses 


15 d  I6h 


Fig.  3. — Lengths  and  widths  of  reproductive  ducts  of  male  and  female  fetuses  of 
control  and  acephalic  groups  between  15  days  and  15  days,  16  hours. 
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Fig.  4. — Left,  control  fetus,  age  12  clays,  16  hours;  center,  aceplialic  fetus,  age 
15  days,  13  hours;  right,  control  fetus,  age  15  clays,  15  hours.  Fig.  5.- — Littermate 
acephalic  fetuses,  age  15  clays,  13  hours.  Thyroid  gland  is  missing  in  the  fetus  at 
left. 


In  control  females  the  Muller¬ 
ian  ducts  were  present  at  13  days, 
17  hours,  and  were  fused  at  their 
posterior  ends  as  solid  cords.  By 
15  days,  16  hours  the  posterior  ends 
of  the  ducts  had  formed  the  utero¬ 
vaginal  canal. 

The  Mullerian  ducts  in  acephalic 
females  never  attained  the  length  or 
degree  of  development  that  they  did 
in  control  females.  Even  at  age  15 
days,  16  hours  the  ducts  were  much 


shorter  than  in  control  females  and 
the  utero-vaginal  canal  had  not 
formed. 

Accessory  reproductive  struc¬ 
tures. — Seminal  vesicles  were  pres¬ 
ent  in  males  15  days,  8  hours  old  as 
outpocketings  from  the  Wolffian 
ducts.  Ortiz  (1945)  found  that 
they  first  appear  at  14%  days.  How¬ 
ever,  in  controls,  these  structures 
showed  no  marked  increase  in 
length  until  15  days,  15  hours.  In 
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acephalic  males  these  structures 
were  present  at  15  days,  1  hour  and 
showed  varying*  conditions  of  de¬ 
velopment  up  to  15  days,  15  hours. 

During  the  15th  day,  in  control 
males,  the  prostate,  bulbourethral, 
preputial,  and  coagulating  glands 
and  the  ejaculatory  ducts  appeared. 
Although  there  was  considerable 
variation  in  development  of  these 
accessory  structures  in  acephalic 
males,  they  were  markedly  smaller 
than  in  control  males. 

The  only  accessory  reproductive 
structures  observed  in  females  were 
the  bulbourethral  and  preputial 
glands.  They  appeared  to  follow 
the  normal  pattern  of  retrogression. 

Discussion 

Techniques  for  the  removal  of  the 
fetal  hypophysis  by  decapitation 
have  been  reported  for  the  rat  by 
Wells  (1950a),  and  Domm  and  Le¬ 
roy  (1951),  and  for  the  rabbit  by 
dost,  (1947).  The  technique  de¬ 
scribed  above  for  decapitating  ham¬ 
ster  fetuses  was  used  by  Foote  and 
Foote  (1949)  for  a  preliminary  re¬ 
port  on  effects  of  decapitation  on 
the  thyroid  of  the  hamster  fetus. 
Raynaud  and  Frilley  (1947)  used 
X-rays  to  “  hypophysectomize  ’  ’ 
mouse  fetuses. 

In  this  study  the  average  period 
of  time  the  hamster  fetuses  de¬ 
veloped  in  an  acephalic  condition 
was  51.4  hours  or  13.5%  of  the  total 
gestation  period.  The  shortest  de¬ 
velopment  period  was  42  hours  and 
the  longest  was  75  hours. 

From  histological  observations  on 
the  thyroid  gland  it  appears  that  by 
the  12th  day  a  few  follicles  have 
formed,  but  no  pronounced  follicu¬ 
lar  development  occurs  until  the 


15th  day.  Since  the  thyroids  of 
acephalic  fetuses  show  fewer  and 
larger  follicles  and  few  inter  follicu¬ 
lar  cells,  it  would  seem  that  any  in¬ 
fluence  of  the  hypophysis  would  be 
on  the  production  of  interfollicular 
cells,  and  only  indirectly  on  the  de¬ 
velopment  of  follicles. 

Raynaud  and  Frilley  (1948)  and 
Raynaud  (1950)  found  the  thyroid 
small  and  with  little  colloid  near- 
time  of  birth.  Jost,  Morel,  and 
Marois  (1949,  1952)  injected  I131 
into  decapitated  rabbit  fetuses,  and 
found  little  difference  in  thyroid  ac¬ 
tivity  of  decapitated  fetuses  and 
controls  on  day  22,  but  at  day  28 
there  was  a  marked  decrease  in  thy¬ 
roid  activity.  Jost  (1953)  found 
there  was  a  delay  in  the  appearance 
of  colloid  in  the  thyroids  of  decapi¬ 
tated  rabbit  fetuses. 

Atrophy  of  the  adrenal  cortex  in 
1  ‘  liypophysectomized  ’  ’  mice  has 
been  reported  by  Raynaud  (1943), 
and  Raynaud  and  Frilley  (1950), 
in  decapitated  rats  by  Wells  (1947, 
1948),  Jost  (1951a),  Domm  and 
Leroy  (1951),  and  Kitchell  and 
Wells  (1952),  and  in  decapitated 
rabbits  by  Jost  (1948).  Raynaud 
(1950)  found  that  the  adrenals  of 
mice  are  supressed  by  “hypophy- 
sectomy”  only  during  the  last  day 
of  prenatal  life.  In  the  present 
study  there  is  an  indication  of  a 
significant  difference  in  the  size  and 
volume  of  adrenal  glands  of  control 
and  acephalic  fetuses,  shown  par¬ 
ticularly  in  the  left  adrenals  and  in 
considering  the  total  volume  of  both 
adrenals.  While  there  is  some  evi¬ 
dence  for  a  relationship  between  the 
hypophysis  and  the  adrenal  cortex 
in  the  fetal  hamster,  one  cannot  dis¬ 
count  the  possibility  that  other  fac- 
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Fig.  6. — Cross  section  through  neck  region  of  control  fetus,  age  15  days,  16  hours, 
showing  thyroid  gland,  esophagus,  and  trachea.  X  33.  Fig.  7.—  Cross  section  of 
thyroid  gland  shown  in  fig.  6.  X  170.  Fig.  8. — Cross  section  through  neck  region  of 
acephalic  fetus,  age  15  days,  8  hours,  showing  thyroid  gland  and  trachea.  X  42. 
Fig.  9. — Cross  section  through  thyroid  gland  shown  in  fig.  8.  X  170.  Fig.  10. — Cross 
section  through  region  of  left  adrenal  gland  of  control  fetus,  age  11  days,  7  hours, 
showing  cortical  cells (C),  medullary  cells (M),  and  dorsal  aorta.  X  50.  Fig.  11. — 
Cross  section  through  region  of  left  adrenal  gland  of  control  fetus,  age  15  days,  8 
hours,  showing  cortical  (C)  and  medullary  components,  sympathetic  ganglion  (S), 
dorsal  aorta,  and  kidney.  X  50.  Fig.  12. — Cross  section  through  region  of  left  adrenal 
gland  of  acephalic  fetus,  age  15  days,  2  hours,  showing  cortical  and  medullary  com¬ 
ponents  of  adrenal  gland,  and  kidney.  X  50.  Fig.  13. — Cross  section  through  median 
portion  of  adrenal  gland  shown  in  fig.  12.  X  200. 
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tors  affect  adrenal  size,  particularly 
the  severity  of  the  operation. 

Gonads  of  acephalic  male  fetuses 
showed  variations  in  number  and 
size  of  interstitial  and  germ  cells, 
and  the  accessory  reproductive  struc¬ 
tures  showed  certain  deviations 
from  the  normal  development  pat¬ 
tern.  Similar  effects  have  been  re¬ 
ported  by  others.  Raynaud  (1950) 
and  Raynaud  and  Frilley  (1947) 
reported  a  reduced  number  of  gono- 
cytes  in  gonads  of  ‘  ‘liypophysecto- 
mized”  mice.  Wells  (1947,  1950b) 
found  a  reduction  in  size  and  num¬ 
ber  of  testicular  interstitial  cells  in 
decapitated  rat  fetuses.  Jost,  and 
Colonge  (1947)  and  Jost  (1953) 
found  that  some  accessory  organs 
were  reduced  in  fetuses  killed  three 
days  after  decapitation,  but  this  dif¬ 
ference  was  not  apparent  after 
longer  periods  of  development. 

Although  differences  in  size  and 
structure  of  thyroids,  adrenals,  and 
reproductive  systems  of  acephalic 
hamsters  indicate  some  relationship 
with  the  hypophysis,  the  drastic  op¬ 
eration  of  decapitation  results  in 
high  mortality  of  fetuses  and  could 
account  for  some  variations  from 
normal  in  fetuses  which  survive  the 
operation.  In  the  present  investi¬ 
gation  control  fetuses  were  litter- 
mates  of  decapitated  animals  and 
were  allowed  to  complete  develop¬ 
ment,  intact.  No  fetuses  which  had 
been  submitted  to  surgery,  other 
than  acephalic  animals,  were  stud¬ 
ied.  Wells  (1950a)  has  discussed 


surgical  methods  and  survival  in 
fetal  rats,  and  has  reviewed  the 
work  in  this  field. 

Summary 

1.  A  method  for  decapitating  12- 
day  old  hamster  fetuses  is  described. 

2.  The  thyroid  glands  of  aceph¬ 
alic  fetuses  were  smaller  than  those 
of  controls  and  showed  little  in¬ 
crease  in  volume  between  the  12th 
and  16th  day  of  gestation.  Al¬ 
though  follicles  were  formed  no  col¬ 
loid  was  observed  in  glands  of  con¬ 
trol  or  acephalic  fetuses. 

3.  The  cortex  of  adrenal  glands 
of  control  and  acephalic  fetuses  de¬ 
creased  in  thickness  during  the  last 
part  of  the  15th  day,  but  the  total 
volume  of  adrenals  of  acephalics 
was  less  than  the  volume  of  glands 
of  controls. 

4.  The  Wolffian  ducts  of  aceph¬ 
alic  males  and  the  Mullerian  ducts 
of  acephalic  females  were  shorter 
and  smaller  in  diameter  than  these 
ducts  of  controls.  The  accessory 
structures  in  acephalic  fetuses 
showed  greater  variation  than  did 
those  of  controls. 

5.  Results  indicate  that  the  fetal 
hypophysis  ma}^  have  some  control¬ 
ling*  influence  on  development  of 
thyroid  glands,  adrenal  glands,  and 
reproductive  systems  of  the  hamster, 
but  consideration  must  be  given  to 
the  possibility  of  variation  due  to 
the  drastic  surgery  of  decapitation. 
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COMPARISON  OF  WEIGHT  AND  LENGTH  WITH  AGE 

IN  HAMSTER  EMBRYOS1- 2 

WESLEY  P.  NORMAN 
Southern  Illinois  University,  Garhondale 


The  purpose  of  this  study  is  to 
determine  the  relationships  between 
the  weight  and  length  of  hamster 
embryos  and  fetuses  of  varying 

t/  t/  CD 

ages.  Since  much  experimental 
work  is  being  done  on  the  hamster 
during  its  prenatal  and  early  post¬ 
natal  life,  it  seems  important  to 
study  its  external  form  with  its  in¬ 
crease  in  size  during  late  gestation. 
Purdy  and  Hillemann  (1950)  and 
Boyer  (1953)  have  given  descriptions 
of  fetal  development  in  the  hamster. 

Uteri  were  removed  from  preg¬ 
nant  females  at  varied  intervals  be¬ 
tween  7  days,  12  hours  to  15  days, 
following  the  time  of  observed  copu¬ 
lation.  After  fixation  in  Bonin’s 
solution,  individual  loculi  were 
placed  in  vials  of  70  percent  alcohol. 
Weights  and  measurements  of  89 
embryos  and  fetuses  were  taken  af¬ 
ter  removal  of  all  fetal  membranes. 
After  measurement,  the  small  em¬ 
bryos  were  allowed  to  dry  about  5 
minutes  before  weighing,  and  the 
larger  fetuses  were  allowed  to  dry 
for  10  to  15  minutes.  Weights  were 
taken  on  an  analytical  balance. 

Embryos  in  the  period  from  7 
days,  12  hours  to  14  days  show  only 
slight  increase  in  weight  and  length 
as  compared  to  a  marked  increase 
from  14  through  15  days  (figs.  1,  2). 
There  is  no  significant  change  in 

1  Aided  by  grants  from  the  Research  Fund,  South¬ 
ern  Illinois  University,  Carbondale,  Ill. 

r  I  wish  to  express  my  appreciation  to  Dr.  Charles 
L.  Foote  for  his  assistance  in  the  preparation  of 
this  paper  and  to  the  Photographic  Service,  South¬ 
ern  Illinois  University,  for  preparation  of  the  photo¬ 
graphs. 


weight  from  7  days,  12  hours  to  9 
days,  16  hours.  From  9  da}^s,  16 
hours  the  fetuses  show  a  progressive 
increase  in  weight.  The  lengths  of 
the  fetuses  vary  more  than  do  the 
weights  up  to  9  days,  16  hours.  This 
variance  is  due  to  the  flexions  and 
torsions  of  the  fetuses  between  7 
days,  12  hours  and  9  days,  16  hours. 
Embryos  of  8  days;  8  days,  16 
hours ;  9  days,  4  hours ;  and  10  days, 
12  hours  show  an  increase  in  body 
size  and  prominent  changes  in  ex¬ 
ternal  form  at  the  respective  ages 
(figs.  3,  4,  5,  6). 

From  9  days,  16  hours  through  15 
days,  the  fetuses  show  a  progressive 
increase  in  length  and  weight.  The 
apparent  decrease  in  length  at  9 
days  and  at  10  days  may  be  ac¬ 
counted  for  by  the  thoracic  and  lum- 
bar  flexures  which  occur  at  9  days, 
and  the  cervical  and  cranial  flexures 
at  10  days  (figs.  5,  6).  After  10 
days  the  bodies  of  the  fetuses 
straighten.  There  is  a  rapid  in¬ 
crease  in  bod}^  size  and  weight  dur¬ 
ing  the  latter  part  of  the  gestation 
period  (figs.  7,  8,  9,  10). 

Summary 

1.  Weights  and  measurements  of 
89  hamster  embryos  were  taken  at 
varied  time  intervals. 

2.  The  youngest  embrvos  studied 
were  7  days,  12  hours  old  and  the 
oldest  were  15  days. 

3.  Increase  in  weight  and  length 
was  slight  from  7  days,  12  hours  to 
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Fig.  1. — Age  and  crown-rump  length  of  hamster  embryos  from  7  days,  12  hours 
through  15  days. 
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Age  (days) 

Fig.  2.- — Age  and  weight  of  hamster  embryos  from  7  days,  12  hours  through  15 
days. 


14  days,  but  there  was  a  sharp  in¬ 
crease  between  14  and  15  days. 

4.  Lengths  vary  more  than  do 
weights  because  of  flexions  and  tor¬ 
sions  occuring  between  7  days,  12 
hours  and  9  da}^s,  16  hours. 
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Fig.  3. — Embryo  of  8  days  of  age.  8-9  somites.  Head-tail  length,  2.5  mm.; 
weight,  0.10  mg.  X  15.4.  Fig.  4. — Embryo  of  8  days,  16  hours.  Note  the  distinct 
lumbar  and  cranial  flexures.  Crown-rump  length,  3.5  mm.;  weight,  1.57  mg.  X  13.3. 
Fig.  5. — Embryo  of  9  days,  4  hours.  Note  that  lumbar,  cervical,  thoracic,  and  cranial 
flexures  are  distinct.  Crown-rump  length,  4.0  mm.;  weight,  1.36  mg.  X  8.4.  Fig. 
6. — Fetus  of  10  days,  12  hours.  Note  that  the  head  is  more  erect.  Crown-rump 
length,  6.3  mm.;  weight,  19.9  mg.  X  5.2.  Fig.  7. — Fetus  of  12  days.  Note  that  the 
head  and  thorax  have  straightened.  Crown-rump  length,  10.0  mm.;  weight,  21.4  mg. 
X  4.5.  Fig.  8. — Fetus  of  13  days.  Note  rounded  body.  Crown-rump  length,  14.0 
mm.;  weight,  165.7  mg.  X  2.9.  Fig.  9. — Fetus  of  14  days.  Crown-rump  length,  13.4 
mm.;  weight,  300.4  mg.  X  2.8.  Fig.  10. — Fetus  of  15  days.  Crown-rump  length, 
23.3  mm.;  weight,  1202.1  mg.  X  2.1. 
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TECHNIQUES  FOR  OBTAINING  BLOOD  SAMPLES  FROM 

THE  GOLDEN  HAMSTER1 

WAYNE  W.  WANTLAND,  ROBERT  L.  CODA,  THOMAS  A.  WEIDMAN,  and 

GEORGE  C.  ONGEMACH 
Illinois  Wesleyan  University,  Bloomington 


Investigations  in  this  laboratory 
indicated  a  need  for  procuring*  suf- 
ficent  blood  from  the  golden  ham¬ 
ster  at  3-  or  4-week  intervals  for  red 
and  white  total  blood  cell  counts, 
blood  smears  for  differential  counts, 
and  samples  for  hemaglobin  deter¬ 
minations.  Examination  of  the  cir¬ 
culatory  system  of  the  hamster  and 
study  of  the  literature  resulted  in 
the  decision  to  compare  three  meth¬ 
ods  of  procuring  blood  samples  with 
respect  to  (1)  time  required,  (2) 
amount  of  blood  obtainable  and  (3) 
facility  of  operation.  Although  all 
three  methods  can  be  employed  on 
the  conscious  animal,  it  was  decided 
to  anesthetize  the  animals  to  pre¬ 
vent  pain  and  possible  injury  due 
to  struggling. 

The  first  method  is  to  procure 
blood  from  the  incisor  branch  of  the 
alveolaris  inferior  vein,  which  lies 
rather  superficially  between  the  up¬ 
per  portions  of  the  roots  of  the  lower 
incisors.  Each  animal  was  anesthet¬ 
ized  by  intraperitoneal  injection  of 
0.25  cc.  sodium  pentobarbital  (vet¬ 
erinary  nembutal,  50  mg.  per  cc., 
Abbotts).  A  mouth  prop  device  de¬ 
signed  by  Johansen2  (1952)  (fig.  1) 
holds  the  jaws  open  securely  and 
permits  access  to  the  blood  vessel 

1  This  study  was  supported  in  part  by  the  Myrtle 
F.  Courtright  Biological  Research  Fund  and  in  part 
by  the  Medical  Research  and  Development  Board, 

Office  of  the  Surgeon-General,  Department  of  the 
Army,  under  contract  No.  DA-49-007-MD-495. 

2  We  are  indebted  for  the  demonstration  of  this 
device  to  Dr.  Erling-  Johansen  of  the  Division  of 
Dental  Research  and  Department  of  Pathology, 

School  of  Medicine  and  Dentistry,  University  of 
Rochester,  Rochester,  New  York. 
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with  a  number-27  hypodermic  nee¬ 
dle  attached  to  a  tuberculin  syringe. 
The  syringe  was  filled  with  a  2  per¬ 
cent  solution  of  sodium  oxalate  (an¬ 
ticoagulant),  which  was  expelled 
just  before  making  the  puncture. 
The  saliva,  which  accelerates  coagu¬ 
lation,  was  absorbed  from  the  area 
around  the  puncture  by  placing  a 
narrow  strip  of  cotton  just  below 
the  exterior  surface  of  the  lower  in¬ 
cisors  and  inside  the  nether  lip. 
Striking  the  incisor  branch  of  the 
alveolaris  inferior  vein  is  difficult. 
The  syringe  must  be  held  steady  and 
the  needle  introduced  carefully  just 
under  the  surface  of  the  gums  be¬ 
tween  the  lower  incisors  at  a  point 
about  0.5  mm.  below  the  lower  limits 
of  the  exposed  teeth.  The  first,  small 


Fig.  1. — Puncture  of  the  incisor  branch 
of  the  alveolaris  inferior  vein  using 
Johansen’s  mouth  prop  device. 


Ob  taming  Blood  from  Hamsters 


drop  of  blood  from  the  syringe  was 
discarded,  and  the  remainder  of  the 
sample  (0.25  cc.)  placed  on  a  clean, 
smooth  surface  such  as  the  bottom 
of  a  petri  dish  or  a  paraffin  surface. 
After  blood  samples  were  obtained, 
the  animals  were  immediately  re¬ 
leased  from  the  mouth  prop  device, 
and  no  adverse  effects  were  observed 
in  them.  However,  the  procedure  is 
time-consuming*,  and  the  technique 
very  difficult  to  master.  Twelve 
hamsters  were  used. 

The  second  method  is  to  obtain 
blood  by  heart  puncture,  similar  to 
the  method  of  Sullivan  and  Everett* 
(1952),  using  a  number-26  hypo¬ 
dermic  needle  attached  to  a  2  cc. 
Luer  hypodermic  syringe.  Each 
animal  was  anesthetized  by  inject¬ 
ing  intraperitoneally  0.25  cc.  sodium 
pentobarbital  and  then  fastened 
securely,  ventral  surface  uppermost, 
to  a  small  animal  operating  table. 
With  the  third  and  fourth  fingers 
of  the  left  hand  pressing  firmly 
against  the  ribs  on  the  right  side  of 
the  animal  to  hold  the  heart  sinis- 
trad,  the  heart  beat  was  located  by 
palpation.  Holding  the  syringe  in 
the  right  hand  the  needle  was  in¬ 
serted  through  the  chest  wall  and 
into  the  heart  at  a  point  14  mm. 
craniad  and  11  mm.  to  the  left  of 
the  caudal  end  of  the  sternum. 
Twenty-five  hundredths  cc.  (0.25 
cc.)  of  blood  was  drawn  slowly  into 
the  syringe,  which  had  previously 
been  rinsed  with  2  percent  sodium 
oxalate.  Twelve  hamsters  were  used. 

In  the  third  method,  hamsters 
were  anesthetized  with  ether  and 
their  tails  cut  to  obtain  blood,  using 
a  technique  similar  to  that  reported 
by  Stein  and  Carrier  (1945).  A 
maximum  of  15  cuts  are  possible  on 
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the  average  adult  hamster’s  tail, 
which  is  from  18  to  20  mm.  long.  A 
sample  of  0.25  cc.  was  drawn  into  a 
5.020  cc.  volumetric  pipette  which 
had  been  previously  rinsed  with  2 
percent  sodium  oxalate,  and  de¬ 
posited  on  a  clean  paraffin  surface, 
from  which  the  required  amount 
was  taken  for  the  various  observa¬ 
tions.  Twenty-four  hamsters  were 
used  in  the  study  of  this  method. 

Of  the  three  methods,  the  first  is 
the  most  difficult  and  requires  con¬ 
siderable  practice.  It  is  also  the 
most  time-consuming,  because  of  the 
difficulties  in  introducing  the  needle 
precisely  into  the  lumen  of  the  vein 
and  holding  it  steady  while  the 
blood  is  taken.  As  much  as  2  cc.  of 
blood  can  be  withdrawn  by  this 
method  without  seriously  incapaci¬ 
tating  the  animal  (total  blood  vol¬ 
ume  of  hamsters  weighing  100  to 
140  grams  ranges  from  4.5  cc.  to 
6.0  cc.). 

The  heart  puncture  method  re¬ 
quires  less  time,  is  fairly  easy,  and 
also  yields  plenty  of  blood  for  the 
usual  hematological  studies.  The  dis¬ 
advantages  of  this  method  are  the 
high  degree  of  shock  and  the  danger 
of  blood  clots  forming  in  the  heart  as 
the  result  of  introducing  small 
amounts  of  air  when  the  puncture 
is  made. 

The  tail-cutting  method  is  by  far 
the  simplest  to  perform.  Although 
the  short  tail  limits  the  number  of 
amputations  and  precautions  must 
be  taken  against  infection  of  the 
exposed  injured  surface,  adequate 
quantities  for  the  usual  blood  stud¬ 
ies  are  easily  obtained  and  the  ani¬ 
mal  can  be  returned  to  its  cage  in 

a  matter  of  minutes  with  only  a  low 

*/ 

degree  of  shock. 
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SERIES  RESONANCE  IN  AN  R-L-C  CIRCUIT 


RICHARD  L.  KNUTH 

St.  Procopius  College,  Lisle 


In  the  electronics  and  electricity 
textbooks  which  we  nse  in  college, 
resonance  curves  may  be  found  us¬ 
ing  high  frequencies  such  as  a  mil¬ 
lion  and  a  half  cycles  per  second.  I 
thought  it  would  be  interesting  to 
study  resonance  phenomena  at  au¬ 
dio  frequencies,  in  the  neighborhood 
of  5  to  10  kilocycles  per  second.  At 
these  frequencies  it  can  be  shown  by 
impressing  it  on  the  oscilloscope 
that  the  input  voltage  has  a  pure 
sinusoidal  waveform.  This  cannot 
be  done  at  the  very  high  frequen¬ 
cies. 

An  electronic  oscillator  driving  a 
power  amplifier  was  used  to  produce 
a  constant  signal  input  voltage  with 
variable  frequency.  This  voltage 
was  then  fed  into  the  circuit  (fig.  1). 

A  suitable  coil  was  wound  and  its 
inductance  found  to  be  1.15  milli¬ 
henries.  It  was  then  placed  in  series 
with  a  condenser,  and  the  generator 
voltage  was  applied  and  kept  con¬ 
stant.  In  such  a  circuit,  the  current 
is  dependent  on  the  frequency  of 
the  generator.  Thus  begins  the  study 
of  series  resonance  (fig.  2).  This  is 
a  graph  of  the  current  in  the  circuit- 
plotted  against  the  frequency  of  the 
generator.  According  to  theory,  re- 

1 

sonance  occurs  at  F=  - . 

2  tt  VLO 

Using  the  coil  of  1.15  millihenries 
and  a  condenser  of  *4  microfarad, 


the  resonant  frequency  is  10,250 
cycles  per  second.  Now  if  we  change 
capacitance,  the  resonance  point  will 
shift  either  to  the  right  or  to  the  left 
as  we  decrease  or  increase  the  ca¬ 
pacitance. 

There  are  several  things  which 
could  be  studied  in  detail  in  relation 
to  series  resonance,  for  example, 
sharpness  of  resonance,  resonance 
of  voltage  across  the  coil,  or  reso¬ 
nance  of  voltage  across  the  conden¬ 
ser.  In  this  case,  the  two  points  of 
resonance  vary  from  the  point  of 
current  resonance  b}^  about-  a  hun¬ 
dred  cycles  per  second. 

However,  I  thought  that  it  would 
be  of  particular  interest  to  study  the 
variation  of  resistance  in  the  coil  as 
the  frequency  is  increased.  We 
know  that  the  resistance  of  a  wire 
increases  with  the  frequency.  This 
is  due  to  the  “skin  effect”  (the  cur¬ 
rent  flowing  through  the  wire  is  con¬ 
centrated  in  the  outer  layers).  Since 
the  current  at  resonance  is  given  by 
I  =  E/R,  where  E  is  the  effective 
input  voltage  and  I  is  the  effective 
current  in  the  circuit,  R ,  the  resist¬ 
ance  of  the  coil,  can  be  found.  By 
changing  condensers  several  times, 
we  get  several  points  of  resonance, 
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Fig.  2. 

coil  had  a  Q  of  40.  But  the  Q  does 
not  remain  constant.  Since  both  the 
numerator  and  denominator  of  Q 
increase  with  frequency,  the  Q  may 
either  increase  or  decrease.  For  my 
particular  coil  and  in  the  frequency 
range  of  2  to  10  kilocycles  per  sec¬ 
ond,  the  Q  is  always  increasing. 

Resonance  phenomena  in  coupled 
circuits  and  parallel  circuits  could 
be  similarly  studied.  The  most  in¬ 
teresting  is  resonance  in  coupled 
circuits.  However,  I  chose  to  de¬ 
scribe  series  resonance  because  it  is 
the  simplest  and  yet  illustrates  how 
experiments  of  this  kind  can  be 
done. 


and  computing  the  resistance  at 
each  point,  we  can  plot  a  graph  of 
resistance  against  frequency  (fig. 
3). 

A  very  important  quantity  en¬ 
countered  in  the  study  of  resonance 
phenomena  is  the  figure  of  merit  of 

2  tt  FL 

the  coil.  It  is  defined  as  - - ,  the 

R 

ratio  of  the  reactance  of  the  coil  to 
its  resistance,  and  is  symbolized  by 
Q.  In  theory  it  can  be  shown  that 
the  voltage  across  the  coil  or  con¬ 
denser,  at  resonance,  is  Q  times  as 
large  as  the  input  voltage.  At  the 
resonant  frequency  given  before,  my 
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THE  EFFECTS  OF  8-QUINOLINOL  ON  HORDEUM 
VULGrARE  AND  SECALI  CEREALI 

MICHAEL  F.  GLYNN 
Loyola  University,  Chicago 


We  had  tried  the  effects  of  vari¬ 
ous  mitotic  poisons  on  barley  and 
rye  when  the  promising  preliminary 
results  obtained  by  Tjio  and  Levan 
with  8-quinolinol  led  us  to  investi¬ 
gate  more  thoroughly  the  use  of  this 
reagent  with  these  plants. 

The  plants  were  grown  in  terralite 
in  6-inch  pots  and  were  watered 
with  Hoagland’s  complete  nutrient 
solution.  Thirty  plants  per  pot 
were  available  for  use.  The  plants 
were  most  easily  handled  and  yield¬ 
ed  the  best  results  when  treated  4 
to  7  days  after  planting.  The  roots 
were  treated  with  aqueous  solutions 
of  various  concentrations.  A  con¬ 
centration  of  0.002  moles  proved  to 
be  most  effective. 

The  solution  was  prepared  by 
adding  the  8-quinolinol  to  the  water 
and  heating  to  60° C  until  the  ma¬ 
terial  was  dissolved.  This  usually 
required  10  to  15  minutes.  The  solu¬ 
tion  should  not  be  heated  over  60° C. 

The  time  of  treatment  varies  with 
the  concentration.  When  using 
0.002  M  concentration,  a  period  of 
4  hours  is  recommended.  The  roots 
were  treated  while  still  on  the 
plants.  While  being  treated,  the 
temperature  should  not  exceed 
20°C. 

After  treatment,  each  root  was 
cut  off  about  a  quarter  of  an  inch 
from  the  meristem.  The  short  ends 
were  placed  in  a  fermentation  tube, 
into  which  had  first  been  placed  18 
drops  of  aceto-orceine  stain  and  2 


drops  of  1  N  HC1,  to  dissolve  the 
intercellular  cement  and  facilitate 
crushing.  The  tube  with  the  root 
ends  was  placed  upright  in  a  petri 
dish.  Water  at  50° C  was  poured 
into  the  dish  and  kept  at  50 °C  for 
5  minutes.  After  2  minutes,  2-to-3 
drops  of  1  N  HC1  was  added  to  the 
tube.  Then  the  meristem  of  one 
root  was  placed  on  a  slide  in  a  drop 
of  the  stain. 

A  cover  glass  was  placed  over  the 
meristem  and  the  usual  squash  tech¬ 
nique  employed.  It  was  then  neces¬ 
sary  to  tap  the  cover  glass  vigor¬ 
ously  to  separate  the  cells  into  one 
layer. 

Fresh  roots  produced  the  best  re¬ 
sults,  but  material  kept  in  a  solu¬ 
tion  of  3  absolute-1  acetic  acid  was 
often  just  as  satisfactory. 

Photomicrographs  were  taken  of 
representative  slides,  and  perma¬ 
nent  slides  for  classroom  use  were 
made  by  McClintock’s  method. 

An  alternate  method  was  used  in 
some  cases.  One  hundred  milliliters 
of  solution  was  poured  over  the 
plants  while  still  growing  in  the  pot. 
After  12  hours  the  plants  were  re¬ 
moved  from  their  pots  and  placed 
in  water,  where  a  partial  recovery 
occurred. 

Results 

Generally  the  treatments  yielded 
C -mitosis,  and  it  was  possible  to 
study  the  individual  differences  in 
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chromosomes  with  considerable  clar¬ 
ity. 

There  was  a  definite  clarification 
and  constriction  of  the  chromo¬ 
somes  at  the  prophase  and  meta- 
phase.  A  corresponding*  clarifica¬ 
tion  of  the  centromeric  apparatus 
and  an  increase  in  plasma  viscosity 
were  also  observed.  A  differentia¬ 
tion  between  the  euchromatin  and 
the  heterochromatin  was  effected, 
especially  observable  at  prophase. 

Among*  the  more  striking*  phe¬ 
nomena  observed  in  our  investiga¬ 
tion  were  the  radiomimetic  of  8- 
quinolinol,  illustrated  by  the  lag  of 
one  chromosome  in  one  anaphase. 
Vacillated  chromosomes  and  satel¬ 
lited  chromosomes  were  clearly  seen. 
The  contraction  of  the  chromosomes 
induced  by  the  action  of  8-quinoli- 
nol  enabled  us  to  make  an  accurate 
count  of  the  species  number. 

The  use  of  8-quinolinol  is  distin¬ 
guished  by  the  fact  that  the  mitotic 
division  is  occasionally  completed. 
Other  mitotic  poisons  immediately 
inhibit  mitotic  activity  beyond  met¬ 
aphase. 

A  6-n  polyploid  condition  was  ob¬ 
served  in  a  few  nuclei,  caused  by 
the  disruption  of  the  spindle  mecha¬ 


nism.  The  chromosomes  failed  to 
separate  properly,  remained  in  close 
application,  and  underwent  subse¬ 
quent  divisions. 

8-quinolinol  can  also  be  of  valu¬ 
able  assistance  in  idiogram  analysis. 

Appendix 

8-quinolinol  ( 8-hydroxy  quinoline ) 
form  chelate  rings  with  many  me¬ 
tallic  ions,  in  which  a  coordinate 
linkage  exists  between  the  nitrogen 
and  the  metal  : 

0 - M 

t 

N 

/\  /\ 

\/  \/ 

Some  of  these  chelates  are  soluble, 
some  insoluble. 

Preparation  of  the  aceto-orceine 
stain. — A  stain  of  2  percent  orceine 
in  45  percent  acetic  acid  was  used. 
The  stain  was  refluxed  for  3-to-4 
hours,  after  which  it  was  left,  in  the 
refrigerator  overnight.  The  stain 
was  then  filtered  through  double- 
thickness  paper  to  remove  sediment. 
In  some  cases  additional  filtering  is 
recommended. 


n, 


x  :  ;  'i  i 


t.ru,>  i;  -  •; 


Illinois  Academy  of  Science  Transactions,  Vol.  47,  1955 


CORRELATION  OF  DETERGENCY  OF  POLYETHENOXY 
TALLATES  WITH  PHYSICAL  PROPERTIES 

VIRGINIA  CRONIN,  BARBARA  KRUSINSKI,  DANUTE  KUTKAITE,  and 

SR.  M.  JOAN  PREISING 
College  of  St.  Francis ,  Joliet 

and 

G.  E.  KAPELLA,  MAX  METZIGER,  and  J.  V.  KARABINOS 
Blockson  Chemical  Company,  Joliet 


Soaps  and  detergents  usually 
possess  hydrophilic  and  hydro- 
phobic  radicals  in  the  same  mole¬ 
cule,  which  reduces  surface  ten¬ 
sion  and  aids  in  the  emulsification 
and  removal  of  soil.  Soap  itself 
consists  of  such  groups — the  fatty 
acid  chain  represents  the  hydro- 
phobic  portion  and  the  sodium 
salt  the  hydrophilic  unit.  In  order 
to  combat  hard  water  (reduce  the 
precipitation  of  insoluble  calcium 
and  magnesium  salts),  organic  sodi¬ 
um  sulfonates  or  sulfates  have  been 
used  as  hydrophilic  groups.  A  more 
recent  innovation,  however,  particu¬ 
larly  for  automatic  washing  ma¬ 
chines  to  improve  sudsing  qualities, 
has  been  the  replacement  of  hydro¬ 
philic  ionic-type  groups  by  a  water- 
loving  long  chain,  polymerized  ethy¬ 
lene  oxide,  which  is  nonionic  and  is 
referred  to  as  a  polyethenoxy  or 
polyoxyethylene  radical. 

The  synthesis  of  such  nonionic  de¬ 
tergent  esters  from  tall  oil  fatty 
acids,  inexpensive  by-products  of 
the  Kraft  paper  pulp  industry,  and 
ethylene  oxide  was  reported  in  an 
article  on  p.  811,  along  with  various 
analytical  procedures  for  determin¬ 
ing  their  ethenoxy  content.  This 
article  is  concerned  with  the  deter¬ 

1  A.  T.  Ballun,  G.  E.  Bartels,  and  J.  V.  Karabinos, 
Trans.  Ill.  Acad.  Sci.,  vol.  47  (1955). 


mination  of  various  physical  con¬ 
stants  of  these  esters  in  comparison 
with  detergency  tests  for  purposes 
of  correlation.  Physical  properties 
studied  included  refractive  index, 
specific  gravity,  viscosity,  surface 
tension,  and  freezing  point  measure¬ 
ments  on  tall  oil  esters  containing 
from  6  to  23  moles  of  ethylene  oxide. 

Analytical  Procedures 

Refractive  index  measurements 
were  carried  out  with  a  Bausch  and 
Lomb  Abbe  refractometer ;  and  a 
temperature  of  35°  C  was  main¬ 
tained  by  circulation  of  35°  C  water 
from  a  constant  temperature  bath. 

Specific  gravity  determinations 
were  made  at  35°  C  using  10  and  25 
ml.  pycnometers  which  had  previ¬ 
ously  been  calibrated  with  distilled 
water. 

Viscosity  measurements  were 
made  with  a  Stormer  viscosimeter 
standardized  with  water -glycerol 
mixtures.  The  measurements  were 
carried  out  at  35°  C  by  use  of  the 
constant  temperature  bath. 

Surface  tension  values  were  ob¬ 
tained  using  a  du  Nuoy  tensiometer 
on  1%  and  0.1%  aqueous  solutions 
of  each  nonionic  ester. 

Freezing  point.  Time-tempera¬ 
ture  cooling  curves  were  carried  out 
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Fig.  1. — Correlation  of  physical  properties  with  ethenoxy  chain  length  of  a  tall 
oil  nonionic. 
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Table  1. — Physical  Properties  of  Various  Polyethenoxy  Tallates 


Nonionic 

detergent 

N  umber 
of 

ethenoxy 

units8 

Refractive 

index 

tvj35 

nd 

Specific 
gravity  35  ° 

Viscosity 
CPS@  35° 

Surface 
tension15 
dynes/sq.  cm. 

Freezing 

point 

°C 

A 

6.5 

1.4779 

1.0286 

85 

33.43 

B 

8.6 

1.4762 

1.0387 

95 

35.13 

C 

12.0 

1 . 4750 

1.0479 

100 

37.04 

9.6 

D 

13.4 

1.4742 

1.0561 

112 

37.93 

16.7 

E 

15.5 

1.4738 

1.0590 

130 

37.01 

21.0 

F 

17.1 

1 . 4732 

1 . 0622 

132 

37.65 

23.8 

G 

19.4 

1 . 4723 

1.0669 

135 

36.38 

28.4 

H 

22.5 

1.4717 

1.0717 

150 

36.35 

31.0 

a)  Average  Values  from  Reference  1. 

b)  Surface  tension  in  1%  aqueous  solution. 


on  each  ester ;  the  freezing  point  was 
determined  from  the  flat  portion  of 
the  curve. 

These  physical  measurements  are 
recorded  in  table  1  and  shown  in 
fig.  1. 

Detergency  tests  were  carried  out 
on  the  polyethenoxy  tallates2  by 
the  previously  described  method3. 
Whiteness  retention  and  soil  re¬ 
moval  were  measured  on  cotton 
swatches  by  a  Launderometer.  The 
detergency  tests  were  carried  out  on 
test  mixtures  containing  20%  by 
weight  of  the  polyethenoxy  tallate, 
20%  tetrasoclium  pyrophosphate, 
20%  sodium  tripolyphosphate,  39% 
soda  ash,  and  1%  carboxymethylcel- 
lulose.  All  determinations  were  ar¬ 
bitrarily  compared  to  a  single  stand¬ 
ard  set  at  100%.  For  this  purpose 
a  commercially  available  structur¬ 
ally  similar  nonionic  detergent  mix¬ 
ture  was  chosen,  and  detergency  of 
the  test  solutions  and  standard  con¬ 
tained  0.25  g.  of  test  mixture  per  100 

2  E.  M.  Stoltz,  A.  T.  Ballun,  H.  J.  Ferlin,  and 
J.  V.  Karabinos,  Jour.  Am.  Oil  Chem.  Soc.,  30, 
271  (1953). 

3  T.  A.  Vaughn  and  H.  R.  Suter,  Ibid.,  27,  249 
(1950). 


ml.  of  ester.  The  detergency  tests  on 
the  synthesized  nonionic  esters  are 
shown  in  figure  2. 

Discussion 

The  object  of  this  study  was  to 
correlate  detergency  of  polyethe¬ 
noxy  tallates  of  varying  ethenoxy 
chain  length  with  their  physical 
properties.  One  may  conclude  from 
figure  1  that  properties  such  as 
freezing  point,  viscosity,  and  spe¬ 
cific  gravity  increase  more-or-less 
proportionally  with  increasing  mole¬ 
cular  weight  while  the  refractive  in¬ 
dex  decreases.  However,  the  surface 
tension  curves  follow  a  different 
course,  increasing  with  increasing 
number  of  ethenoxy  units  until  the 
optimum  detergency  has  been  reach¬ 
ed  at  12  to  14  ethylene  oxide  units. 
With  further  increase  in  molecular 
weight  beyond  this  point  the  sur¬ 
face  tension  again  seems  to  decrease. 
Thus,  a  peak  is  obtained  in  the  sur¬ 
face  tension  curve  at  about  the  same 
point  at  which  optimum  detergency 
is  reached.  It  is  well  known  that 
surface  tension  plays  some  part  in 
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Fig.  2. — Correlation  of  detergency  with  ethenoxy  chain  length  of  a  tall  oil 
nonionic. 
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detergency  and  that,  in  general,  re¬ 
duction  of  surface  tension  of  a  wash¬ 
ing  solution  with  a  surfactant  aids 
in  the  removal  of  soil.  It  seems 
likely,  therefore,  that  the  surface 
tension  curves  herein  obtained,  as 
related  to  detergency,  mav  have  real 
significance. 
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REACTION  SPEED  OF  H202  AND  S02 
BY  CONDUCTIVITY 

ROLAND  BEST 
Monmouth  College,  Monmouth 


An  attempt  was  made  to  measure 
the  rate  of  reaction  of  H202  and  S02 
forming  H2S04  by  the  accompany¬ 
ing  change  in  conductivity,  after  a 
literature  study  was  made  to  see  if 
such  a  reaction  was  known.  Evi¬ 
dence  was  found  in  Jacobson,  En¬ 
cyclopedia  of  Chemical  Reactions, 
vol.  Ill,  p.  641,  III-2263,  Reinhold 
(1949),  that  the  reaction  which  had 
been  studied  by  J.  H.  Kastle  and 
A.  S.  Loevenhart  had  been  published 
in  Am.  Chem.  J.,  29,  569  (1903). 

It  was  recorded  that  the  H202 
added  directly  onto  the  H2S03  form¬ 
ing  H4S05,  and  that  this  in  turn 
broke  down  into  H2S04  and  H20. 
This  change  of  sulfurous  to  sulfuric 
acid  produced  the  change  in  con¬ 
ductivity  which  was  measured  in 
this  experiment. 

Preliminary  Experiments 

Three  percent  H202  and  a  satu¬ 
rated  water  solution  of  S02  (H2S03) 
were  used  as  starting  reagents.  The 
3  percent  H202  and  saturated  S02 
were  poured  into  the  electrolytic  cell 
(cell  constant=approximately  86.3) 
and  a  conductivity  reading  was  im¬ 
mediately  taken  on  the  Thiessen 
Wheatstone  Bridge.1  This  was  found 
to  be  .0017  mhos,  but  after  setting 
for  a  considerable  length  of  time,  no 
change  was  observed. 

Next  S02  alone  was  tested,  with 
a  result  of  .00027  mhos;  this  indi¬ 

1  Thiessen,  G.  W.,  and  Wertz,  J.,  1949,  A  direct- 
reading',  inexpensive  conductivity  bridge:  Chemist 
Analyst,  vol.  42,  no.  4,  p.  91. 


cated  there  had  been  a  change  which 
had  been  too  rapid  to  measure. 

The  test  with  H202  and  S02  was 
repeated  using  solutions  diluted  ap¬ 
proximately  1 :4  before  mixing.  This 
time  the  conductivity  was  .00032 
mhos.  Still  no  change  was  observed. 
No  change  was  again  observed  when 
3  drops  of  each  reagent  were  used 
in  enough  H20  to  fill  the  cell 
(14  ml.). 

A  different  cell  was  now  used 
(cell  constant  =  approximately 
.238)  in  order  to  measure  smaller 
conductivities.  It  had  a  shorter  dis¬ 
tance  between  electrodes  with  a 
much  larger  cross-sectional  area. 
Using  this  new  cell,  the  reagents 
were  each  diluted  1  drop  to  10  ml. 
of  HoO.  Two  drops  of  each  of  these 
were  used  with  enough  H20  to  fill 
the  cell  (20  ml.).  A  definite  change 
was  noticed. 

Main  Experiment 

Now  the  reaction  was  carried  out 
more  accurately  in  a  thermostat¬ 
ically  controlled  cabinet  (26.5°  C.), 
using  the  same  dilutions  outlined 
above.  A  smoothly  progressing  list 
of  22  readings  was  obtained  over 
a  period  of  94  minutes.  The  observed 
change  in  conductivity  was  from 
.00015  mhos  to  .00070  mhos.  These 
readings  are  listed  below. 


Time 

Conductivity 

0.0 

.00015 

1.0 

.00020 

2.0 

.00022 
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Time 

Conduc¬ 

tivity 

3.0 

.00062 

4.0 

.00065 

If  t  =  O  and  x  = 

6.0 

.00067 

7.5 

.00070 

kt  =  In  (a  — 

8.5 

.00025 

a  —  : 

9.5 

.00027 

—  In 

J  11 

11.5 

.00030 

a 

13.5 

.00032 

15.5 

.00035 

kt  =  2.30  log 

18.0 

.00037 

23.0 

.00040 

25.5 

.00042 

2.30 

30.0 

.00045 

t  —  log  ( 

k 

34.5 

.00047 

48.5 

.00050 

v - v - Y - '  V - 

51.5 

.00052 

Y  =  m 

58.0 

.00055 

66.0 

.00057 

94.0 

.00060 

0,  then  — In  a  =  C 
x)  —  In  a 


a  —  x 

cl 

2.30  log  a 

a  —  x) - 

k 

X  +  b  (straight  line  plot) 


Next  the  possible  kinetics  of  the 
reaction  were  studied.  With  a  moles 
of  S02  and  b  moles  of  H202  and 
x  moles  of  H2S04  formed  in  v  liters 
after  t  time  and  x  =  O  when  t 
=0,  the  equation  for  the  first  order 
reaction  is : 

— 1  dx  a  —  x 

v  dt  v 


This  formula  was  used  in  plotting 
a  graph  of  t  vs.  log  (a  —  x).  The 
change  in  conductivity  from  zero 
time  was  used  for  (a  —  x).  Instead 
of  a  straight  line,  what  seemed  to  be 
an  equilateral  hyperbola  was  ob¬ 
tained.  If  this  had  been  true,  us¬ 
ing  the  reciprocal  of  either  of  the 
components  should  have  yielded  a 
straight  line.  On  the  contrary,  this 
method  gave  a  curve  which  seemed 
to  be  broken  into  two  parts,  each  a 
straight  line. 


which  integrates  thus : 


kt  ==  In  (a  ■ —  x)  +  C 


In  a  further  attempt  to  interpret 
the  results,  a  different  arrangement 
of  the  formula  was  used,  letting  L  co 
be  the  conductivity  at  infinite  time 
and  Lt  the  conductivity  at  time  t. 
Starting  with  the  formula  listed 
above, 
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2.30  2.30  log  a 

t  =  -  log  (a  —  x) - 

k  k 


log  (a  —  x)  =  X 
t  =  Y 
a  =  L  co 
x  -  Lt 


2.30 

t  = - log  (CL  co  _  CLt)  +  b 

k 


2.30 

t  =  - -  log  C  (L  co  —  Lt)  +  b 

k 


2.30 

t  =  -  log  (L  co  —  Lt)  -j-  log  C  +  b 

k 

\  =  in  A  -f-  b 


This  new  idea  was  used  in  plot¬ 
ting  a  graph  yielding  another  curve, 
which  seemed  to  be  broken  into  two 
shorter  straight  lines. 

The  best  interpretation  obtained 
thus  far  is  that  this  verifies  the  fact 
found  in  the  literature — the  action 
proceeds  in  two  steps,  first  yielding 
II4S05,  which  in  turn  breaks  down 
into  H2S04  and  TI20. 

At  the  beginning,  the  concentra¬ 
tion  of  the  H2S03  was  high  enough 
to  cause  the  reaction  to  begin  quite 
rapidly.  Of  course  the  H202  was  in 
excess  enough  that  the  change  in  its 


concentration  was  negligible.  As 
the  concentration  of  the  H2S03  de¬ 
creased  this  first  step  of  the  reaction 
slowed  down  to  a  point  where  its 
change  in  conductivity  could  be  ob¬ 
served.  By  this  time  the  concentra¬ 
tion  of  H4S05  was  high  enough  to 
cause  it  to  decompose  quite  rapidly 
as  the  first  step  of  the  reaction  was 
slowing  down.  By  the  time  the 
H2S03  was  nearly  all  gone  and  the 
first  step  had  practically  ceased,  the 
concentration  of  the  H4S05  had  be¬ 
come  low  enough  and  its  decomposi¬ 
tion  slow  enough  so  that  its  change 
in  conductivity  could  be  observed. 
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SECRETARY’S  REPORT  OF  THE  BUSINESS  OF  THE 
ILLINOIS  STATE  ACADEMY  OF  SCIENCE  FOR 
THE  YEAR  MAY  9,  1953  TO  MAY  8,  1954 

Compiled  by  Lyle  E.  Bamber,  Secretary 


The  47th  annual  meetings  of  the  Illi¬ 
nois  State  Academy  of  Science  were  held 
on  the  campus  of  Monmouth  College, 
Monmouth,  Illinois,  on  May  7  and  8, 
1954.  The  ten  section  programs  in¬ 
cluded  105  papers,  and  total  attendance 
at  the  section  meetings  was  about  410 
persons. 

The  general  morning  session  on  Fri¬ 
day,  May  7,  was  held  in  the  Auditorium 
of  the  Monmouth  College  Chapel  and  in¬ 
cluded  the  Welcome  by  Robert  W.  Gib¬ 
son,  President  of  Monmouth  College,  and 
the  Presidential  Address  by  Dr.  Grimm 
entitled  “Can  We  Meet  the  Challenge?” 
Dr.  C.  L.  Boruff,  Technical  Director, 
Hiram  Walker  and  Sons,  Inc.,  Peoria, 
Illinois,  spoke  on  “Grain  Distillery 
Wastes  to  Feeds  and  Vitamins.” 

The  Junior  Academy  program,  under 
the  capable  direction  of  Miss  Joan 
Hunter,  had  its  usual  wide  appeal.  About 
440  exhibits  that  won  first  place  awards 
at  the  district  exhibits  throughout  the 
state  were  shown  at  Monmouth.  There 
were  more  than  1278  exhibits  at  district 
meetings.  Many  new  clubs  were  added 


to  the  active  list  and  the  mailing  list  is 
now  over  300.  A  club  Newsletter,  con¬ 
sisting  of  one  page  of  club  activities  of 
schools  wishing  to  contribute  300  copies, 
was  distributed  at  the  state  meeting.  A 
new  southwestern  headquarters  at  Illi¬ 
nois  College  proved  very  satisfactory. 
The  Senior  Academy  members  set  aside 
the  11:30  a.m.  time  on  the  Friday  pro¬ 
gram  to  visit  the  Junior  Academy  ex¬ 
hibits. 

The  annual  banquet  was  held  Friday 
evening  in  T.  H.  McMichael  Hall  Dining 
Room  on  the  campus.  Entertainment 
was  furnished  by  “The  Scotsmen,”  a 
group  of  five  Monmouth  College  young 
men. 

The  evening  meeting  was  opened  with 
the  presentation  of  the  winners  in  the 
Annual  Science  Talent  Search  by  Dr. 
F.  H.  Reed,  Chairman  of  the  Science 
Talent  Search  Committee.  This  year 
there  were  some  16,000  contestants;  300 
were  selected  as  winners.  Of  the  40 
selected  for  the  Washington  trip,  3  were 
from  Illinois  and  of  the  260  National 
Honorable  Mentions,  13  were  from  Illi- 
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nois.  There  were  10  additional  State 
Honorable  Mentions. 

The  annual  public  lecture  was  pre¬ 
sented  by  Carl  E.  Rist,  Head,  Starch  and 
Dextrose  Section,  Northern  Utilization 
Research  Branch,  U.  S.  Department  of 
Agriculture,  who  spoke  on  “Ten  Years 
Progress  at  the  Northern  Regional  Labo¬ 
ratory.” 

COUNCIL  MEETINGS 

The  Council  held  the  usual  four  meet¬ 
ings  during  the  year.  The  first  meeting 
was  held  at  the  Hotel  Lamoine,  Macomb. 
At  this  meeting  “John  Doe”  of  Mon¬ 
mouth  was  elected  Second  Vice-President 
to  be  in  charge  of  local  arrangements, 
subject  to  appointment  by  Monmouth 
and  approval  of  the  Council.  The  dates 
for  the  Monmouth  meeting  were  estab¬ 
lished  as  May  6-8,  1954. 

The  following  appointments  were 
made:  Miss  Jane  V.  Olson  was  reap¬ 
pointed  Technical  Editor,  James  S.  Ayars 
was  reappointed  Publicity  Advisor,  and 
Dr.  Harvey  I.  Fisher  and  Lyle  E. 
Bamber  were  selected  as  new  members 
of  the  Publications  Committee  with 
terms  to  expire  in  1956. 

A  motion  was  passed  that  the  officers 
of  the  Academy  prepare  and  submit  a 
petition  to  the  Springfield  office  of  the 
Bureau  of  Internal  Revenue  requesting 
that  contributions  to  the  Sustaining- 
Membership  Fund  be  deductible  from  in¬ 
come  tax. 

A  bill  for  $58.15  was  presented  to  the 
Academy  by  the  Macomb  Chamber  of 
Commerce  for  room  reservations  not 
taken  at  the  Pace  Hotel. 

A  new  committee  was  established  to 
he  called  the  Committee  on  Local  Con¬ 
ventions  to  consist  of  the  last  three 
Second  Vice-Presidents,  the  Secretary 
serving  ex-officio,  and  a  representative 
of  the  Junior  Academy. 

The  second  meeting  of  the  Council  was 
held  in  the  Lincoln  Room,  Bradley  Uni¬ 
versity,  Peoria,  on  November  14,  1953. 

The  Junior  Academy  was  authorized 
to  order  one  thousand  (1,000)  pins  from 
the  Adams  Company  which  would  then 
become  a  Sustaining  Member.  The  Sec¬ 
ond  Vice-President,  Mr.  Finley,  reported 
helpful  suggestions  from  the  Local  Con¬ 
ventions  Committee. 

Section  Chairmen  present  reported  pro¬ 
gress  on  their  plans.  The  new  Aquatic 
Biology  Section  was  approved.  The  con¬ 
tinued  combination  of  the  Psychology, 
Education,  and  Social  Science  Sections 


was  approved.  Standing  Committee  re¬ 
ports  included  those  on  Animal  Exper¬ 
imentation  in  Research,  Membership, 
Budget,  and  Sustaining  Membership. 
The  Ecological  Bibliography  Committee 
was  discontinued  with  the  consent  of 
Professor  Vestal.  Dr.  Robertson  re¬ 
ported  that  he,  Miss  Hunter,  and  Dr. 
Reed  would  attend  the  AAAS  Boston 
meeting.  It  was  voted  to  pay  Miss 
Hunter’s  railroad  and  hotel  expenses.  A 
report  by  Dr.  Stover  for  the  Teacher 
Training  Committee  included  a  copy  of 
their  lecommendations  for  the  Bulletin, 
“Guide  to  the  Supervision,  Evaluation 
and  Recognition  of  Illinois  Schools.” 

The  Council  moved  to  pay  the  Macomb 
Chamber  of  Commerce  bill  under  protest 
with  an  accompanying  letter  by  Dr. 
Ekblaw  and  Dr.  Grimm. 

The  third  Council  meeting  was  held 
in  the  Centennial  Building,  Springfield, 
on  Februai  y  20,  1954.  Mr.  Lyle  Finley 
summarized  the  plans  for  the  Monmouth 
meeting.  At  this  time  it  was  voted  that 
the  usual  registration  fee  be  turned  over 
to  the  host  institution,  Monmouth  Col¬ 
lege.  Miss  Hunter  gave  her  usual  fine 
report  for  the  Junior  Academy. 

Dr.  Deuel  repoi  ted  complaints  on  cost 
of  reprints  from  the  Transactions.  The 
problem  was  referred  to  Dr.  Tehon  of  the 
Publications  Committee. 

Section  Chairmen  present  reported  on 
their  respective  programs.  A  request 
was  made  that  the  Budget  Committee 
present  a  tentative  budget  for  the  com¬ 
ing  year  at  the  fourth  Council  meeting. 
Dr.  Shoemaker  presented  a  request  for 
an  eleven  o’clock  meeting  of  Nature  Con¬ 
servancy  on  Friday  morning,  May  7. 
1954.  It  was  moved  that  “the  Council 
does  not  approve  this  request  for  a  meet¬ 
ing  in  conflict  with  other  meetings  of 
the  Academy.” 

The  invitation  from  Southern  Illinois 
University  for  the  1955  meeting  to  be 
held  on  its  campus  was  accepted. 

The  fourth  meeting  of  the  Council  was 
held  Thursday  evening,  May  6,  1954,  at 
Hedrick’s  Cafe  in  Monmouth  with  Dr. 
Wilbur  W.  Grimm  presiding.  Mr.  Lyle 
Finley  leported  that  local  arrangements 
for  both  the  Senior  and  Junior  Acade¬ 
mies  were  complete  and  included  a  coffee 
hour  Friday  afternoon  and  a  mixer  after 
the  evening  lecture  which  did  not  appear 
on  the  printed  program.  Preliminary 
leports  were  presented  by  officers,  com¬ 
mittee  chairmen,  and  section  chairmen. 
Final  reports  were  presented  at  the  an¬ 
nual  business  meeting  on  Friday,  May  7, 
1954.  These  are  included  below. 
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REPORT  OP  THE  TREASURER 

1953-54 

Balance  Carried  Forward  May  1,  1953 .  $2,948.66 

Receipts 

Annual  Dues: 

Regular  . $2,550.20 

Sustaining .  342.00 

Life  Membership  (Permanent  Fund) .  50.00 

Registrations  at  Macomb .  153.50 

Interest  on  Investments .  77.60 

Research  Grants  (AAAS) .  310.00 

Damages  from  Express  Company .  100.00 


Total  Receipts . $3,583.30 


Total  Receipts  and  Balance  Carried  Forward .  $6,531.96 

Expenditures 

Council  Expenses . $  257.14 

Treasurer’s  Office  Expenses .  280.00 

Secretary’s  Office  Expenses .  400.64 

Librarian’s  Office  Expenses .  108.08 

Membership  Committee  Expenses .  157.74 

Section  and  Other  Chairmen’s  Expenses .  61.57 

Honoraria  (Editor  for  2  years  $400,  Secretary  for  1  year  $150)  550.00 

Junior  Academy .  689.28 

Science  Talent  Search .  300.00 

Research  Grants .  310.00 

Dues  to  Other  Organizations .  3.00 

Damages  by  Express  Company .  100.00 

Special  Travel .  167.19 


Total  Expenditures . $3,384.64 

Balance  on  Hand . . .  $3,147.32 

Outstanding  Checks .  35.99 


Balance  in  Carbondale  National  Bank,  April  30,  1954 .  $3,183.31 

Permanent  Fund: 

Life  Memberships — 

In  United  States  Bonds . $1,200.00 

In  Cash  in  the  Carbondale  National  Bank .  ...  50.00 


Other  than  Life  Memberships — 

In  United  States  Bonds . $1,800.00 


Total  in  Permanent  Fund . $3,050.00 

Interest  on  Life  Membership  Bonds . .  30.00 

Available  Balance  in  Current  Funds .  $3,067.32 
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ANNUAL  BUSINESS  MEETING 

The  business  meeting  of  the  47tli  an¬ 
nual  meeting  of  the  Illinois  State  Acade¬ 
my  of  Science  was  held  May  7,  1954,  in 
the  Auditorium  of  the  Monmouth  Col¬ 
lege  Chapel  at  5:00  p.m.  with  President 
W.  W.  Grimm  presiding. 

The  report  of  the  Secretary,  which  fol¬ 
lows,  was  seconded  by  Dr.  George  E. 
Ekblaw  and  accepted. 

The  minutes  of  the  business  meeting 
of  the  46th  annual  meeting  held  at  West¬ 
ern  Illinois  State  College,  Macomb,  have 
been  published  in  the  Transactions.  They 
include  deliberations  and  actions  of  the 
Council  and  the  various  committees  of 
the  Academy,  the  reports  of  the  Treas¬ 
urer,  the  Auditing  Committee,  the  Nomi¬ 
nating  Committee,  and  the  Resolutions 
Committee. 

The  major  activities  of  the  Council 
throughout  the  past  year  were  sum¬ 
marized  and  mailed  to  each  member 
with  the  Program  for  the  47th  annual 
meeting  in  the  form  of  the  President’s 
letter. 

Mr.  President,  I  move  the  acceptance 
of  the  report  of  the  46th  annual  business 
meeting  as  printed  in  the  Transactions 
and  the  summary  of  this  year’s  activities 
as  included  in  the  President’s  letter. 

Dr.  Walter  B.  Welch  presented  the 
Treasurer’s  report  which  follows.  He 
moved  acceptance  of  the  report.  Mr.  Carl 
R.  Meloy  seconded  the  motion.  Dr. 
George  E.  Ekblaw  moved  to  amend  the 
motion  to  read  “subject  to  confirmation 
by  the  Auditing  Committee.’’  Dr.  W.  W. 
Wantland  seconded  the  amended  motion 
which  passed. 

Publicity  Advisor  James  S.  Ayars  re¬ 
ported  the  splendid  cooperation  of  the 
local  committee,  especially  Louis  S.  Gibb 
and  his  assistant  David  Fleming. 

Reports  of  other  officers  were  not  pre¬ 
sented. 

REPORTS  OF  STANDING 
COMMITTEES 

Dr.  W.  W.  Wantland  reported  for  the 
Committee  on  Animal  Experimentation 
in  Research.  Dr.  Wantland  moved  ac¬ 
ceptance  of  the  report.  Dr.  R.  A.  Evers 
seconded  the  motion.  The  motion  car¬ 
ried.  A  copy  of  the  complete  report  is 
in  the  Secretary’s  files. 

Dr.  Walter  B.  Welch  gave  the  report 
of  the  Budget  Committee,  a  copy  of 
which  is  in  the  Secretary’s  files.  He  ex¬ 


plained  that  it  was  a  proposed  budget 
and  that  any  suggestions  could  be  pre¬ 
sented  to  the  President  for  the  consid¬ 
eration  of  the  new  Council  at  their  first 
Council  meeting.  Dr.  George  E.  Ekblaw 
moved  that  the  Committee  be  com¬ 
mended  for  preparing  the  proposed  bud¬ 
get  for  next  year.  Dr.  Paul  R.  Shaffer 
seconded  and  the  motion  was  passed. 

Mr.  G.  H.  Boewe  reported  for  the 
Membership  Committee.  A  summary  of 
the  report  follows:  “243  new  members 
were  added  during  the  year;  91  were 
AAAS  members,  1  life,  and  2  sustaining 
members.  We  lost  about  125  members 
due  to  death,  resignation,  or  nonpay¬ 
ment  of  dues.  Net  gain  in  membership 
is  approximately  120.”  Mr.  Boewe  then 
moved  that  persons  who  had  applied  for 
membership  during  the  past  year  and 
who  had  met  the  qualifications  for  mem¬ 
bership  be  elected  to  membership.  Dr. 
Welch  seconded  and  the  motion  carried. 

Dr.  E.  L.  Stover  reported  that  the 
Teacher  Training  Committee  had  been 
spending  its  efforts  on  making  sugges¬ 
tions  for  the  accrediting  bulletin  to  be 
issued  by  the  State  Superintendent  of 
Public  Instruction.  They  had  attended  a 
meeting  in  Springfield  but  no  final  ac¬ 
tion  had  as  yet  been  made. 

Dr.  H.  F.  Thut  stated  that  the  Re¬ 
search  Grants  Committee  had  requests 
for  more  money  than  the  $442.50  avail¬ 
able.  The  Committee  awarded  5  grants 
totaling  $442.50.  Dr.  Welch  moved  the 
approval  of  the  grants  and  Dr.  Ekblaw 
seconded.  The  grants  agreed  on  were: 

1.  To  Esther  Bennett,  Curator  of  Bi¬ 
ology  at  Southern  Illinois  Univer¬ 
sity  Museum,  $100.00  for  an  ecologi¬ 
cal  survey  in  Durango,  Mexico. 
Comparisons  are  to  be  made  be¬ 
tween  the  local  plant  and  animal 
life  of  the  area  with  the  plant  and 
animal  remains  found  in  the 
archaeological  diggings  in  the 
Schroeder  site,  a  large  Chalchi- 
liuites  culture  ruin. 

2.  To  Troy  C.  Dorris,  Chairman,  De¬ 
partment  of  Biological  Sciences, 
Quincy  College,  $100.00  as  an  addi¬ 
tional  grant  for  the  continuation 
and  extension  of  his  study  on  “A 
Limnological  Study  of  the  Middle 
Mississippi  River  in  Relation  to 
Certain  Navigation  Structures  and 
Practices.” 

3.  To  Dorothea  Franzen,  Division  of 
Science,  Illinois  Wesleyan  Univer¬ 
sity,  $100.00  as  an  additional  grant 
for  a  continuation  and  extension 
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of  her  studies  on  “The  Holotypes, 
Cotypes  and  Paratypes  of  Gastropod 
Molluscs  of  Illinois.”  She  also 
wishes  to  make  a  specific  anatomi¬ 
cal  study  of  the  genus  Succinea. 

4.  To  Sister  M.  Joan  Preising,  Chair¬ 
man,  Department  of  Chemistry, 
College  of  St.  Francis,  Joliet, 
$30.00  for  a  project  on  “Anodic 
Oxidation  of  Sugars  to  Carbon 
Dioxide  and  Water.”  An  attempt 
is  being  made  to  adapt  this  plan 
of  carbohydrate  decomposition  to 
carbohydrate  materials  in  plants  in 
the  presence  of  proteins  and  fats. 

5.  To  Charles  J.  Rohde,  Jr.,  Assist¬ 
ant  Professor,  Biological  Sciences, 
Northern  Illinois  State  Teachers 
College,  $112.50  for  a  study  on  “The 
Life  Histories  of  Soil-Inhabiting 
Micro-Arthropods.”  In  particular, 
he  wishes  to  collect  and  culture  the 
mites  of  moss  habitats  of  dry  areas. 

Dr.  C.  L.  Kanatzar  reported  the  total 
contribution  of  sustaining  members  for 
the  past  year  as  $342.00.  The  members 
are  listed  on  the  back  of  the  program. 

REPORTS  OF  SPECIAL 
COMMITTEES 

The  report  of  the  Auditing  Committee 
was  presented  by  C.  L.  Foote.  He  moved 
acceptance  of  the  report  which  follows. 
Dr.  Ekblaw  seconded  and  the  motion 
passed. 

To  whom  it  may  concern: 

The  auditing  committee  as  recently 
appointed  by  Dr.  Wilbur  W.  Grimm, 
President  of  the  Illinois  State  Acade¬ 
my  of  Science,  has  audited  the  ac¬ 
counts  of  the  treasurer,  Walter  B. 
Welch,  for  the  period  May  1,  1953,  to 
April  30,  1954.  The  treasurer’s  books 
were  found  to  be  in  proper  order  and 
correct  to  the  best  of  our  knowledge. 
We  wish  to  report  the  following: 

Balance  of  books 

Balance  on  hand  May  1, 


1953  . $2,948.66 

Receipts  .  3,583.30 


Total . $6,531.96 

Expenditures .  3,384.64 

Balance  on  hand  April  30, 

1954 .  3,147.32 

Outstanding  checks .  35.99 


Balance  in  Carbondale  Na¬ 
tional  Bank . $3,183.31 


Resources 

United  States  bonds — ma¬ 


ture  value . $3,000.00 

Balance  in  Carbondale  Na¬ 
tional  Bank .  3,183.31 


Total . $6,183.31 

Encumbrances  due  to  un¬ 
cashed  checks .  35.99 


Available  resources . $6,147.32 


(Signed)  Elbert  H.  Hadley,  Chairman 
Charles  L.  Foote 
Stanley  E.  Harris,  Jr. 

The  following  letters  were  received: 

To  whom  it  may  concern: 

This  is  to  certify  that,  as  of  the  close 
of  business  on  April  30,  1954,  there  was 
$3,183.31  on  deposit  with  this  bank  for 
the  account  of  the  Illinois  State  Acade¬ 
my  of  Science. 

(Signed)  John  T.  Mars,  Vice-President 
The  Carbondale  National  Bank 

To  whom  it  may  concern : 

This  is  to  certify  that  on  May  4,  1954 
I  saw  taken  from  and  replaced  in  a 
safety  deposit  box  at  the  Carbondale 
National  Bank,  Carbondale,  Illinois, 
the  following  United  States  Govern¬ 
ment  bonds,  issued  in  the  name  of  the 
Illinois  State  Academy  of  Science: 


Two  “K”  bonds  —  mature 

value  $500.00  each . $1,000.00 

Twenty  “G”  bonds — mature 

value  $100.00  each .  2,000.00 


Total  mature  value . $3,000.00 


(Signed)  Elbert  H.  Hadley,  Chairman 

Auditing  Committee 

The  Resolutions  Committee  submitted 
5  resolutions  to  the  Academy.  Dr.  Want- 
land  presented  the  report  and  the  follow¬ 
ing  resolutions  were  adopted  by  the 
Academy. 

1.  ILLINOIS  STATE  MUSEUM 

Whereas:  the  Illinois  State  Museum, 
which  has  served  the  citizens  of  Illi¬ 
nois  for  77  years  as  a  highly  valu¬ 
able  educational  institution,  is  a 
growing  institution,  and  at  the  pres¬ 
ent  time  has  inadequate  space  for  its 
various  activities,  and 

Whereas:  there  are  at  present  3 
vacancies  on  its  Board  of  Advisers, 

Be  it  resolved,  that  the  Illinois  State 
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Academy  of  Science  urges  that  the 
Board  of  Advisers  be  brought  to  full 
strength,  and 

Be  it  further  resolved,  that  at  this 
time  when  space  is  being  provided 
for  other  departments  of  State  Gov¬ 
ernment,  due  consideration  be  given 
to  the  space  needed  for  the  inevit¬ 
able  growth  of  the  State  Museum, 
and 

Be  it  further  resolved,  that  copies 
of  this  resolution  be  sent  to:  Gover¬ 
nor  William  G.  Stratton;  Charles  F. 
Carpentier,  Secretary  of  State;  and 
Judge  Vera  M.  Binks,  Director  of 
the  Department  of  Registration  and 
Education. 

2.  PRAIRIE  CHICKEN 

Whereas:  the  status  of  the  prairie 
chicken  ( Tympanuchus  cupidio )  in 
Illinois  has  been  precarious  for  sev¬ 
eral  years,  and 

Whereas:  continued  conversion  of 
grassland  habitat  to  cultivated  crop¬ 
land  places  this  formerly  abundant 
bird  in  greater  jeopardy,  and 

Whereas:  this  problem  is  of  concern 
to  the  Illinois  State  Department  of 
Conservation,  which  Department  is 
taking  steps  to  repopulate  certain 
permanent  prairie  areas,  now  devoid 
of  prairie  chickens,  with  this  native 
bird, 

Therefore,  be  it  resolved,  that  the 
Illinois  State  Academy  of  Science 
commend  the  Department  and  its 
Director  Glen  D.  Palmer  for  this 
interest  and  this  action. 

3.  ANIMAL  EXPERIMENTA¬ 
TION 

Whereas:  it  is  recognized  that  many 
benefits  to  mankind  and  other  ani¬ 
mals  result  from  carefully  controlled 
experimentation  on  animals 
Be  it  resolved,  that  the  Illinois  State 
Academy  of  Science  hereby  declares 
its  approval  of  the  use  of  animals 
in  scientific  experimentation  for  the 
further  amelioration  of  suffering 
and  for  better  health  for  all. 

4.  APPRECIATION  TO  THE 
HOSTS 

Whereas:  the  excellent  arrange¬ 
ments  and  provisions  for  this  47th 
annual  meeting  of  the  Illinois  State 
Academy  of  Science  by  its  host, 
Monmouth  College,  have  contributed 


greatly  to  the  success  of  this  meet¬ 
ing,  and 

Whereas:  the  Monmouth  Chamber 
of  Commerce,  the  faculty  of  Mon¬ 
mouth  College,  and  many  members 
of  the  student  body  devoted  many 
hours  to  planning  arrangements  for 
members  of  the  Senior  and  Junior 
Academies,  and 

Whereas :  special  thanks  is  due  to  an 
anonymous  friend  of  the  college  who 
helped  with  the  finances,  and 

Whereas:  other  organizations  have 
assumed  responsibility  for  organiz¬ 
ing  the  field  trips,  and 

Whereas :  the  Monmouth  Public 
School  System  has  contributed  aid 
in  the  way  of  facilities  for  the  ban¬ 
quets, 

Be  it  resolved,  that  this  Academy 
express  its  heartfelt  thanks  to  Pro¬ 
fessor  Lyle  Finley,  Second  Vice- 
President,  who  was  in  charge  of 
local  planning,  to  the  Monmouth 
Chamber  of  Commerce,  to  the  Mon¬ 
mouth  College  Faculty,  to  the  anony¬ 
mous  friend,  to  the  organizations 
and  individuals  responsible  for  the 
field  trips,  to  the  Monmouth  Public 
School  System  for  aid  in  providing 
various  facilities,  and  to  all  other 
persons  who  served  in  any  capacity 
in  caring  for  the  interests  and  ac¬ 
tivities  of  the  Academy  members 
during  this  meeting  and  that  the 
Secretary  send  a  copy  of  this  resolu¬ 
tion  to  those  named  above. 

5.  IN  MEMORIAM 

Whereas:  several  members  of  the 
Academy  have  died  during  the  past 
year, 

Therefore :  be  it  resolved  that  the 
Academy  express  its  sympathy  to 
the  surviving  family,  and 

Be  it  further  resolved,  that  the 
Secretary  be  instructed  to  transmit 
a  copy  of  this  resolution  to  the  near¬ 
est  surviving  relative.  The  list  of 
deceased  members  is: 

Albert  Victor  Bleininger 
Richard  Brandlon 
Charles  C.  Deam 
Richard  F.  Fisher 
Laurence  C.  Freytag 
William  B.  Greenlee 
Caroline  H.  Swanson 
(Signed)  Wayne  W.  Wantland, 

Chairman 
G.  W.  Thiessen 
George  E.  Ekblaw 
Walter  M.  Scruggs 
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The  Nominating  Committee  consisted 
of  J.  W.  Neckers,  H.  F.  Thut,  E.  L.  Hill 
and  P.  R.  Shaffer,  Chairman.  Dr.  Shaffer 
presented  a  slate  of  officers  for  1954-55 
and  roster  of  committee  chairmen  and 
committee  members.  This  list  will  be 
published  in  the  program  for  the  48  th 
annual  meeting  and  later  in  the  Trans¬ 
actions.  Dr.  Shaffer  moved  acceptance 
of  the  report  subject  to  nominations 
from  the  floor.  Dr.  W.  W.  Wantland 
seconded  the  motion.  There  were  no 
nominations  from  the  floor  and  the  mo¬ 
tion  carried. 

President  Grimm  then  announced  that 
Southern  Illinois  University  had  ex¬ 


tended  an  invitation  for  the  Academy 
to  meet  in  Carbondale  in  1955  and  the 
invitation  had  been  accepted.  Dr.  Anne- 
marie  Krause  will  be  the  Second  Vice- 
President,  subject  to  final  action  of  the 
new  Council  Saturday  morning. 

Dr.  Thut  announced  that  the  Local 
Conventions  Committee  does  not  wish  to 
take  any  credit  for  this  successful  meet¬ 
ing  but  that  it  was  due  to  Mr.  Finley  and 
his  assistants. 

Dr.  Ekblaw  moved  that  the  Academy 
approve  the  work  of  the  officers  of  the 
past  year.  Dr.  Stover  seconded.  The 
motion  carried. 
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